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Accidental or deliberate adulteration of valuable food components by inferior or 
even harmful substitutes is prevalent, particularly in Chinese medicines and 
high-priced food commodities. The use of misidentified materials can delay proper 
medical treatment and the consumption of poisonous adulterants can risk food 
poisoning. In addition, trade of endangered species has contributed to severe 
depletion of biodiversity, and the detection of illegal uses of protected species in food 
is crucial in conservation. The use of molecular technology offers promising 
assistance to these issues, including 1) primary healthcare, 2) food safety and 3) 
biodiversity conservation. 
Stemona root (Baibu) is widely used in China as an antitussive. However, root 
of Asparagus filicinus (Xiao-baibu) is commonly sold as Baibu in certain parts of 
China. The antitussive property of Xiao-baibu has never been properly tested. In this 
study, a bioassay revealed that Xiao-baibu had a negligible or much weaker 
antitussive effect, if any, in comparison to Baibu at the tested dosage. However, 
similarity in the shape of their tuberous roots makes morphological identification 
very difficult, and thus, molecular authentication is needed to ensure proper use of 
this healthcare food. In this study, a plastid trnL-F region was employed to 
differentiate Baibu and Xiao-baibu. The tested region succeeded in separating 
iv 
Asparagus species from Stemona species. 
Oilfish (Ruvettus pretiosus) and escolar (Lepidocybium flavobrunneum) possess 
purgative effect because of the indigestible wax esters, which is termed 
gempylotoxin by FDA. Outbreaks of diarrhea associated with consumption of 
mislabeled oilfish or escolar are repeatedly reported in the literature, yet hardly any 
methods are available to conveniently differentiate oilfish and escolar from other 
commonly marketed fishes. In this study, a combination of DNA sequencing, GCMS 
and TLC was used to identify oilfish and escolar samples and the wax-esters 
extracted from those samples. A characteristic TLC spot, which was confirmed as 
wax esters by GCMS, was found only in oilfish and escolar samples. 
Crocodile meat is commonly used to treat asthma in China. However, all 
crocodilian species are listed in CITES and the trade of their products is regulated. 
The limited supply of crocodile meat leads to substitution with cheaper meat from 
snakes or lizards, which are themselves listed in CITES and their trade is also 
regulated. Unfortunately, dried meat from these reptile species looks so similar that 
morphological characteristics are not definitive. In this study, sequences of four 
mitochondrial DNA regions were used to authenticate 24 crocodile meat samples 
provided by Consumer Council, and the results revealed that meats from Python and 
Varanus, which are protected species, are common substitutes of crocodile meat. 
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Hashima is a premium Chinese tonic originated from the dried oviduct of 
female Chinese brown frog {Rana chensinensis) which is listed in the China Red 
Data Book of Endangered Animals. The limited supply of this high-priced species 
encourages adulteration with other frog or toad species. However, oviducts from 
related species look very similar, and thus, molecular identification should be applied. 
In this study, mitochondrial 16S rRNA gene sequence was applied to identify the 
source species of hashima products. Adulteration was detected and use of the 




















分辨出來。為此，本研究結合D N A序列、氣相層析質譜儀（G C M S )及薄層層 
















粒體1 6 S核糖體D N A序列成功繁定多個市售樣本，發現接假情况在即食哈模油 
產品中頗為普遍。 
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Chapter 1. Food authentication 
1.1. Introduction and definition 
Food adulteration is not a new issue. Accidental or deliberate adulteration of 
valuable food components by inferior or even harmful substitutes is prevalent, 
particularly in Chinese medicines and high-priced food commodities. In the past, the 
principle of ‘caveat emptor, (let the buyer beware) was widely accepted (Ashurst & 
Dennis, 1996), and thus, consumers, who were deprived of information, could do 
nothing but trust the producers. However, the final losers in most such situations 
were consumers who depended merely on so-called ‘trust,. After all, fraudulent 
behavior is a reflection of human nature (Ashurst & Dennis, 1996; Dennis, 1998), 
and the considerable amount of money reward has been a driving force to fuel the 
adulteration and substitution over the centuries. 
Recently, public awareness on food safety and concern over adulteration has 
been reinforced by numerous food scares and food-related disease outbreaks that 
were featured as newspaper headlines in various countries (Ashurst & Dennis, 1996; 
Teletchea et al., 2005). As a response to public appeal, the regulation and monitoring 
of food safety is shifted to the governments, and thus, establishment of various food 
safety agencies including the US Food and Drug Administration and Hong Kong 
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Center for Food Safety, together with enforcement of food legislation (e.g., labeling 
regulation) are in place in different countries. However, any sound policy needs 
convenient and reliable protocols to facilitate enforcement. Therefore, practice of 
food authentication is required to safeguard the public by monitoring if a product 
conforms to its description and providing evidence for cases of prosecution. 
Food authentication, as defined in Dennis's review (1998), is the process by 
which a food is verified as complying with its label description. In a broad sense, it 
circumscribes the species, region of origin, process and brands of the raw materials 
(Ashurst & Dennis, 1996). For instance, in a brand of orange juice called 'California 
Sunkist® Orange juice', the detection of any of the following in the product violates 
the law: apple (another species), Chinese orange (different origin), dilution with 
sugar solution (malpractice) or Sunshine® orange (different brand). In the present 
study, the words 'food authentication', however, is used in a strict sense: the 
detection of species used in food products, in other words 'species identification'. 
This area is perhaps the most frequent means of food adulteration, and may take the 
form of complete substitution of one species for another, or admixture of adulterants 
and genuine species. Food authentication, however, is more than just identification. It 
is a process to understand the supply source, possible adulterants and potential 
hazards to the public. 
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1.2. Importance of species identification in food authentication 
Species identification is a crucial step in food authentication. Because of 
tempting monetary returns, there is strong incentive for a supplier to substitute the 
cheaper for the more expensive species, such as in the substitution of beef with the 
cheaper meats from horses and kangaroos (Whittaker et al., 1983; Lumley, 1996). 
Moreover, labels may not guarantee the true contents of a product; species 
identification is required to check for illegal substitution (Teletchea et aL, 2005). The 
determination of food source to species level ensures value-for-money testing or 
comply-to-law evidence; it is also important to address three inter-related issues: 
primary healthcare, food safety and biodiversity conservation. 
1.2.1. Primary healthcare 
It is a Chinese tradition to integrate healthcare food into their daily food intake 
and the practice is called diet therapy (Zhang et al., 1990; Huang, 1999). Diet 
therapy is a common practice in the Traditional Chinese Medicine (TCM) system, 
including medicinal herbs, food and condiments. The use of diet therapy is to prevent 
and cure diseases, as well as to build up one's health and nourish one's body (Zhang 
et al., 1990). However, confusing common names and vernacular names, together 
with similar morphological features amongst different medicinal materials, make 
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species identification a challenging task. The use of processed (e.g., dried, peeled or 
powdered) materials, a common practice in TCM, is prone to mis-identification and 
mis-consumption. Moreover, deliberate replacement of expensive medicinal 
materials with cheaper substitutes also contributes to adulteration. For example, 
Panax ginseng (Oriental ginseng) is commonly used to replace the much more 
expensive Panax quinquefolius (American ginseng) in the market (Ngan et al., 1999). 
Because different species have different therapeutic values (The Pharmacopoeia 
Editorial Committee, 2005), the use of adulterants or substitutes may pose a threat to 
users or delay proper treatment. In this aspect, food authentication is vital to 
determine, without ambiguity, the exact species so as to ensure proper treatment. 
In this study, two Chinese medicinal herbs, Stemona species. (Baibu 百杳P) and 
Asparagus filicinus (Xiao-baibu 小百部）were investigated with reference to primary 
healthcare (Chapter 2). Baibu is widely used in China as an antitussive. However, 
Xiao-baibu is commonly sold as Baibu in certain parts of China. Similarity in the 
shape of their tuberous roots makes morphological identification very difficult, and 
thus, molecular authentication is enlisted to differentiate these two herbs to ensure 
proper cough treatment. Moreover, the antitussive property of Xiao-baibu has never 
been properly tested. It is necessary to use the guinea pigs-citric acid model to verify 
if Xiao-baibu possess the same antitussive effect as Baibu. 
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1.2.2. Food safety 
Species identification is of prime importance to food safety. It is normally the 
case that food adulteration does not pose a serious threat to public health; however, 
this assertion depends on the people and food involved. Indeed, intake of 
mis-identified or adulterated food products could be fatal. For example, it would be 
life-threatening for people with food allergy to consume adulterated food with 
allergens, such as shellfish, peanuts and fish (Sampson, 2004). Besides food allergy, 
which affects only particular groups of people, some foods are toxic in nature and 
dangerous to the whole public if they are used as adulterants, especially in the case of 
TCM. In fact, herbal poisoning has been repeatedly reported (Liu, 1990; Ng et al., 
1991; Vanherweghem et al, 1993; But, 1994; But et al； 1996; Li et al., 2000; Ruan 
and Lu, 2000; Jin et al., 2005). In most situations, it is the similar appearances 
between the toxic and non-toxic herbs that lead to mis-identification and thus, 
mis-consumption. For example, the roots of Gentiana rigescens (Longdancao 龍膽草） 
was replaced by similar looking, yet poisonous roots of Podophyllum hexandrum 
(Guiji 鬼⑴（Ng d“/. ,1991). 
The outbreak of keriorrhea (oily diarrhea) caused by the wax ester-rich oilfish 
{Ruvettus pretiosus) and escolar {Lepidocybium flavobrunneum) has become a 
frequent and worldwide concern. They are commonly used as a substitute for the 
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much more expensive cod {Gadus species). In this study, a combination of DNA 
sequencing, gas chromatography and mass spectrometry (GC-MS) and thin-layer 
chromatography (TLC) were used to study oilfish and escolar with reference to food 
safety (Chapter 3). To prevent an unpleasant kerriorrhea outbreak, food 
authentication is definitely needed to check for substitution, misidentification and 
mislabeling. 
1.2.3. Biodiversity conservation 
Trade of endangered species has contributed to severe depletion of biodiversity, 
and the detection of illegal uses of protected species in food is crucial in conservation. 
Wildlife and their products are the third greatest illegal traffic after drugs and arms 
(Manel et al., 2002). Millions of endangered species (fauna and flora) are illegally 
collected for decorative and ornamental purposes: elephant ivory (Comstock et al., 
2003) and succulent plants (Oldfield, 1997); for human consumption: sea turtle meat 
and eggs (Morre et al., 2003), whale meat (Baker & Palumbi, 1994) and sturgeon 
meat (DeSalle & Birstein, 1996); or for primary healthcare: tiger bone (Wan & Fang, 
2003; Wetton et al., 2004), rhinoceros horn (Hseih et al., 2003) and orchids (Lau et 
al, 2001). According to the Convention on International Trade in Endangered 
Species of Wild Fauna and Flora (CITES), the import, export and possession of live, 
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dead, parts, derivatives or manufactured products of protected species are subject to 
strict control. However, exact species identification is very important in CITES-trade 
law enforcement as the penalties for illegal possession of a specimen in Appendix I 
are much higher than that for an Appendix II specimen, and the use of molecular 
authentication is the only definitive method to accurately determine the specimen, 
which is usually degraded or processed, to species level before taking legal actions. 
Reptile and amphibian populations are seriously reduced worldwide (Schlaepfer 
et al., 2005), because of habitat destruction and collection for commercial purposes 
(Gibbons et al., 2000). In this study, crocodile meat (Chapter 4) and frog oviduct 
(Chapter 5) were investigated with reference to biodiversity conservation in food. 
Crocodile meat is commonly used to treat asthma in China. However, all crocodilian 
species are listed in CITES and the trade of their products is regulated. The limited 
supply of crocodile meat leads to substitution with cheaper meat from snakes or 
lizards, which are themselves listed in CITES and their trade is also regulated. 
Meanwhile, frog oviduct (hashima) is a premium Chinese tonic originated from the 
dried oviduct of female Chinese brown frog which is listed in the China Red Data 
Book of Endangered Animals (RDB). These reptilian and amphibian species are the 
sources for high-priced delicacies and TCM. Thus, food authentication plays a 
significant role in monitoring the utilization of these endangered species and 
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provides evidences for law enforcement. 
1.3. Methods for species identification in food authentication 
Morphology and anatomy are the fundamentals in species classification and 
identification (Heywood, 1967; Kapoor, 2001). However, foods that are devoid of 
most morphological characteristics are virtually impossible to identify by traditional 
methods to species level. Although trained taste panelists and connoisseurs of 
particular food may be able to tell the source species because of background 
information and experiences, their deductions on many occasions are not definitive 
and little better than those by outsiders (Mackie, 1996). Furthermore, it is unethical 
and impractical to use human sensory testing as a way for food authentication if the 
food may contain toxic adulterants. Determining the source species of processed 
food products, such as powdered herbs, minced meats or canned fish, can be a 
particularly challenging task. However, there are still several possibilities to achieve 
species identification in food authentication if it is not impossible. 
1.3.1. Morphological identification 
Morphological identification here means both macroscopic and microscopic 
identification, including anatomical, histological and organoleptic (sensory) 
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characteristics. In plant materials, this method includes the assessment of whole, 
fragmented, or powdered crude plant parts for unique hairs (glandular or stellate), 
cell types, fibers, granular objects (starch grains, calcium oxalate crystals), and 
minute floral characteristics with the use of microscopic equipment (Techen et al., 
2004). In meat samples, microscopy can identify the nature of meat used, for 
example whether it is in the form of cuts, pieces, paste or mechanically recovered. In 
addition, tissues and organs, such as lung, kidney, intestine, that are mixed in the 
samples can occasionally be identified by microscopic analysis. Microscopy, with 
appropriate stains, can also identify non-meat proteins (Lumley, 1996). Variations in 
muscle histology and muscle arrangement in different taxa provide clues for taxon 
identification (Love, 1970; Hultin, 1992; Mackie, 1996). 
Morphological identification can be used to rapidly recognize obvious 
contaminants, such as sand, gravel，or clearly distinct substitutions, and provides 
estimation of the relative proportions of constituents. Thus, it can suggest a possible 
action to be made subsequently. However, for an accurate examination, a 
well-trained eye is required and the determination of source species in samples 
completely devoid of all morphological characteristics is almost impossible. 
Moreover, differentiation between closely related species is not an easy task even in 
intact samples, not to mention in processed food products. In short, morphological 
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identification plays a significant role in food authentication and it is an excellent 
complementary technique to chemical and molecular analyses. 
1.3.2. Chemical analysis 
For chemical methods to be of value for identifying species in foods, they have 
to be based on the analysis of components that are as unique to the species, just like 
the more obvious morphological features. Therefore, the aim of chemical analysis is 
to find a particular chemical marker or chemical profile that is distinctive in a 
particular species with the use of techniques such as chromatography. 
Because of essential differences in composition between plants and animals, 
different chemical analysis methods are targeted. Plants have a vast diversity of 
phytochemicals that are the active ingredients for their therapeutic effects as herbal 
medicines (Duke, 1992). For example, paclitaxel (taxol), a renowned antileukemic 
and antitumor agent, is a phytochemical isolated from Pacific Yew {Taxus brevifolia) 
(Wani et al., 1971). Phytochemicals are important for plants' survival and 
reproductive fitness, such as defense against herbivores, and thus, their occurrences 
apparently reflect adaptations and have some value for taxonomy (Wink, 2003). For 
instance, the presence of taxanes can be used to identify species in the genus Taxus 
(van Rozendaal et al., 1999). In animals, which possess much less variations in 
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chemical types, protein compositions are usually used as chemical markers to reflect 
the physiochemical differences in size and net charge of proteins in different species 
(Mackie, 1996). Protein types in animals are just as diverse as phytochemicals in 
plants. As constituent proteins are themselves a reflection of genetic make-up of a 
species, a chemical technique that can differentiate the constituent proteins can be 
utilized for species identification (Mackie, 1990; Yman, 1992; Sotelo et al., 1993). 
Chromatography, by far, is the most important chemical techniques used for 
chemical studies (Miller, 2005). Chromatography is a collective term for techniques 
based on the adsorption and/ or partition of the molecules to be separated between a 
mobile and a stationary phase. As a result of different strengths of adsorption of the 
different partition of molecules between the two phases, mixtures of chemicals are 
separated. Chromatographic techniques are classified based on the mobile and 
stationary phase used, and also the driving force of separation. They commonly 
include gas chromatography (GC), thin-layer chromatography (TLC) and 
high-performance liquid chromatography (HPLC) (Forgacs & Cserhdti，2003). 
Chromatography is excellent in detecting chemical contaminants (Techen et al., 
2004). For example, detection of arbutin, a characteristic hydroxyquinone from pear, 
in fruit jam by HPLC revealed the substitution of quince with pear (Silva et al., 
2000). TLC is also used for identifying plant drug materials (Wagner & Bladt, 2001). 
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TLC, which is simple, fast and cheap, offers extra advantages for routine and 
massive food authentication. In the case of herbal extract in TCM, other than DNA, 
chemical analysis is the only possible method to identify the source species. 
However, this method may not be capable of differentiating closely related species 
and the identification of a distinctive chemical marker specific to a particular species 
may not be an easy task. For example, Coptis japonica, Xanthorhiza simplicissima, 
Mahonia aquifolium, Chelidonium majus, Berberis vulgaris and Hydrastis 
canadensis (Goldenseal) all contain berberine, while only Goldenseal also contains 
hydrastine. If berberine is used as the chemical marker, it is impossible to tell these 
six species apart (Techen et al., 2004). 
Protein-based analysis is performed mainly by electrophoresis or immunoassay. 
Proteins are macromoleculars with both positive and negative charges. The net 
charge of protein is dependent on the pH of solution; it is this property that allows 
the use of electrophoresis to separate different proteins in an aqueous medium under 
the influence of an electric field applied between positive and negative electrodes 
and adjustment of pH. Charged protein with high net charge will move more quickly 
than protein with a lower net charge. When molecules have the same net charge, the 
smaller ones moves faster. Electrophoresis can resolve different proteins based on the 
above principles, and thus the protein profile of particular species can be established 
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for species identification (Mackie, 1996). Methods based on electrophoresis have 
been utilized for species identification. For example, sodium dodecylsulphate 
polyacrylamide gel electrophoresis (SDS-PAGE) and isoelectric focusing (lEF) were 
used to identify source species in smoked and graved fish products (Mackie et al., 
2000). The use of immunoassay for meat species identification has a long history 
dating back to the 1890s, and it was used to detect horse meat substitution in beef 
early in the 1950s (Nicholls, 1942). The ability of antibodies (immunoglobulins) to 
recognize three-dimensional structures is applied to detect species-specific proteins 
(antigens) such as muscle proteins (Martlbauer, 2003). For example, agar gel 
immunodiffusion (AGID) was applied to detect serum proteins from pig, horse and 
rabbit flesh in ground beef (Hayden, 1978); and enzyme-linked immunosorbent assay 
(ELISA) was used to detect pig and chicken meats in adulterated beef (Martin et al., 
1988, 1991). Protein-based chemical analysis is quite sensitive and can detect trace 
amounts of adulterants (Martlbauer, 2003). However, species-specific proteins could 
be denatured by heating, and thus, these methods could not be used on severely 
heated products, such as canned meat (Carrera et al., 1999). In addition, closely 
related species could have extremely similar protein profiles that hamper the 
resolution of these methods to species level. Another drawback is that various body 
parts, such as muscle or liver, of the same species could have completely different 
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protein constituents, and the results in meat products cannot be used in, for example, 
egg products even if they are from the same source species (Carrera et al., 1999). 
Finally, the practicability of producing antibodies to so many likely adulterated 
species, especially in fishes, raises questions about the use of immunoassay (Mackie, 
1996). 
1.3.3. Molecular analysis 
Molecular analysis is a more modern method, compared to long history of 
morphological and chemical analyses, in food authentication. The species origin is 
identified based on differences in DNA sequences (Lenstra, 2003) by 
hybridization-based methods, PCR-based methods or sequencing-based methods 
(Yip et al., 2007). In contrast to the heat-labile proteins, DNA is relatively stable and 
can be tested in samples heated up to 120°C (Lenstra, 2003). It is, unlike 
phytochemicals and proteins, less affected by physiological conditions, 
environmental factors, storage and processing (Yip et al., 2007). In addition, DNA 
from different parts (e.g., leaves and roots in plants or muscle and eggs in animals) of 
the same individual is the same, whereas interspecific and intraspecific variations in 
DNA sequences allow differentiation between closely related species or even 
subspecies and populations (Lenstra, 2003). 
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Hybridization-based methods, such as DNA microarrays, make use of the 
property that two complementary single-stranded nucleic acids anneal into 
double-stranded nucleic acid through the formation of hydrogen bonds. DNA probes 
can be synthesized to detect the presence of targeted species, and the methods were 
used to identify toxic Chinese medicinal materials (Carles et al, 2001, 2005; Trau et 
al., 2002). However, this is a time-consuming and laborious process. Also, the 
production cost of DNA chips for microarray is high (Yip et al., 2007). 
PCR-based methods include sequence characterized amplified regions (SCAR), 
amplification refractory mutation system (ARMS), simple sequence repeat (SSR) 
and DNA fingerprinting, such as restriction fragment length polymorphism (RFLP), 
random amplification of polymorphic DNA (RAPD), amplified fragment length 
polymorphism (AFLP), direct amplification of length polymorphism (DALP) and so 
on. Their effectiveness in food authentication has been well-demonstrated in various 
food products including Chinese medicines and meats (Carrera et al., 1998; Ngan et 
al., 1999; Verkaar et al., 2001; Wang et al., 2001; Ha et al., 2002; Sasaki et al., 2002; 
Yau et al., 2002; Zhu et al., 2004; Shen et al., 2006). In these methods, a DNA region 
or regions of interest are amplified using specific or random primer sets, and the 
products (digestion of restriction enzyme may be needed in some cases) are 
subsequently separated by gel electrophoresis for analysis. However, some of these 
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methods, for example RAPD and AFLP, are not suitable for fragmented DNA 
extracted from food products. Moreover, RAPDs are notoriously difficult to 
reproduce while AFLPs are quite labor-intensive. 
Sequencing-based methods, which determine the actual nucleotide types and 
arrangements in amplified DNA fragments, provide much more information than 
DNA fingerprinting (Lockley & Bardsley, 2000). DNA sequences are now widely 
used for species identification in DNA barcoding (Ratnasingham & Hebert, 2007) 
and revealing phylogeny of various taxa (Simmons et al., 2001; Che et al., 2007a). It 
was considered as an expensive and technical demanding technique in the past; 
however, with the advancement in DNA sequencing techniques, it is now relatively 
fast and cheap to use DNA sequencing for species identification (Kling, 2003). 
Species identification can be done by sequence searches on public sequence 
databases, such as GenBank (www.ncbi.nlm.nih.gov) or BOLD 
(www.barcodinglife.org). Sequencing-based methods have been used to identify 
source species in Chinese medicine (Lau et al., 2001) and various food products 
(Forrest & Carnegie, 1994; Baker et al., 1996; Cespedes et al., 1999; Colombo et al., 
2002; Whitler et al, 2004). 
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1.4. Legislation 
Just recently in 2007, three people in Hong Kong were arrested for selling fake 
crocodile meat adulterated with protected monitor lizard, which violated both the 
Trade Descriptions Ordinance (Cap. 362) and Protection of Endangered Species of 
Animals and Plants Ordinance (Cap. 586) of the Laws of Hong Kong (Chong, 2007). 
In the same year, a supermarket chain was fined for selling mislabeled cod fish steak 
(Lau, 2007). These two cases are just the tip of the iceberg. Indeed, food related 
malpractices are prevalent and food authentication methods play a prime role in 
monitoring and successful prosecution as demonstrated in the above cases. 
1.4.1. Labeling 
Trade Descriptions Ordinance (Cap. 362 of the Laws of Hong Kong) aims to 
prohibit false trade descriptions, false marks and misstatements in respect to goods 
provided in the course of trade. Under this ordinance, anyone involved in the 
possession, supply or import/export of goods with false trade descriptions / forged 
trade marks for commercial purposes is liable, upon conviction, to maximum 
imprisonment of five years and a fine of HK$500,000 (Department of Justice, 
HKSAR, www.doj.gov.hk/eng/laws). 
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1.4.2. Endangered species 
Protection of Endangered Species of Animals and Plants Ordinance (Cap. 586 
of the Laws of Hong Kong) aims to conserve endangered species and prevent them 
from over-exploitation and extinction through controls over their imports and exports. 
Under this ordinance, import, export and possession of endangered species whether 
alive, dead, parts or derivatives, into and out of Hong Kong are strictly regulated. 
The ordinance follows the Convention on International Trade in Endangered Species 
of Wild Fauna and Flora (CITES) which is also known as the Washington 
Convention. CITES listed out the endangered bird species into three appendices 
(Appendix I, Appendix II and Appendix III) according to their levels of risk. Species 
listed in Appendix I are highly endangered and their international trade for 
commercial purposes is prohibited. The trade in species listed in Appendices II, III 
and captive-bred Appendix I species is allowed, but subject to strict licensing 
controls. The maximum penalties for offences against the ordinance are fine of 
HK$5,000,000, two years imprisonment and mandatory forfeiture of the goods upon 
conviction (Department of Justice, HKSAR, www.doj.gov.hk/eng/laws). 
1.4.3. Chinese medicine 
The Chinese Medicine Ordinance (Cap. 549 of the Laws of Hong Kong) aims to 
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ensure the safety, quality and efficacy of Chinese medicine, in which all kinds of 
proprietary Chinese medicines must first be registered by the Chinese Medicines 
Board before they can be imported, manufactured and distributed in Hong Kong. 
This ordinance contains Schedule 1, which lists 31 types of toxic or potentially toxic 
Chinese herbal medicines, and Schedule 2, which lists 574 types of commonly used 
Chinese herbal medicines. Those toxic herbal materials listed are in turn regulated by 
the Import and Export Ordinance (Cap. 60 of the Laws of Hong Kong), which states 
that the import or export of Schedule 1 herbal materials requires licensing. The 
maximum penalty for non-compliance is a fine of HK $100,000 and imprisonment 
for two years (Department of Justice, HKSAR, www.doj.gov.hk/eng/laws). 
1.5. Objectives 
The objectives of this project were 1) using molecular sequencing to 
authenticate four Chinese foodstuffs: Stemona root, oilfish, crocodile meat and frog 
oviduct, and 2) development of a protocol for rapid detection of oilfish in market 
samples. 
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Chapter 2_ Molecular authentication and 
antitussive bioassay of Stemona root 
(Baibu) and root of Asparagus filicinus 
(Xiao-baibu) 
2.1. Introduction 
Indigenous medicine (folk medicine), an important component in 
ethnopharmacology, is a vault stocking valuable knowledge of incorporating plants, 
animals and mineral based materials as medicines. Various ethic groups employ 
different indigenous materials for medicinal purposes (Long & Li, 2004; de-la-Cruz 
et al., 2007; Wondima et al., 2007; Au et al., 2008; Jemto et al., 2008). However, the 
substitution of their indigenous materials for recognized materials listed in official 
Pharmacopoeia often pose a threat to users. Besides, close resemblance of the 
substitutes and the genuine item usually leads to confusion in the market and results 
in delayed treatment and even poisoning. Thus, evaluation of the safety and efficacy 
of the substitutes is necessary. 
The herb Radix Stemonae, called “Baibu”（百部）in Chinese, is widely used in 
China as an antitussive (Jiangsu New Medical College, 1977). According to the 
Pharmacopoeia of the People's Republic of China (2005 edition, hereafter as Chinese 
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Pharmacopoeia), three Stemona species (Stemonaceae), S. japonica (Bl.) Miq., S. 
sessilifolia (Miq.) Miq. and S. tuberosa Lour., are officially recognized as the source 
plants for Baibu. However, Asparagus filicinus Ham. ex D. Don (Asparagaceae), 
which is indigenous to Southwestern China and called “Xiao-baibu，，（小百部）in 
Chinese (“Xiao” meaning little or small), is a common substitute of Baibu for 
treating cough (Ding & Yang, 1990; Li et al., 2005). 
Both Baibu and Xiao-baibu are harvested for their underground tuberous roots 
(Gong et al., 1992; Wen et al., 1993; Greger, 2006). However, tuberous roots from 
Stemona and Asparagus look very similar and misidentification is not unexpected. 
For example, the tuberous roots of Stemona collinsae were mistaken as from 
Asparagus racemosus, leading to a report of a new compound under the wrong genus 
(Wiboonupun et al., 2004; Greger, 2006). 
Substitution of Baibu with Xiao-baibu may pose a threat to users or delay 
proper treatment because of huge differences in their chemical compositions (Gong 
et al., 1992; Sharma & Thakur，1994, 1996; Jiang et al., 2006a, 2006b; Greger, 2006). 
A series of studies have confirmed that alkaloids from Stemona tuberosa have 
significant antitussive activities in guinea pigs (Chung et al., 2003; Xu et al., 2006; 
Lin et al., 2008). On the other hand, only one study claimed an antitussive effect of 
Asparagus filicinus (Wen et al., 1993); however, it was based on mice that do not 
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have rapidly adapting receptors, which play an important role in cough reflex; also, 
mice lack intraepithelial nerve endings and thus are thought to be devoid of any 
cough reflex (Belvisi and Hele，2003) To clarify if Xiao-baibu has the same 
antitussive property as Baibu, guinea pig-critic acid model should be applied to 
generate comparable results to that of Baibu. 
In this study, DNA sequencing was used to identify the source species of Baibu 
and Xiao-baibu. In addition, the water and ethanol extracts of Baibu and Xiao-baibu 
samples were tested for antitussive properties using guinea pigs-critic acid model. 
2.2. Materials and methods 
2.2.1. Plant materials 
A total of 22 positively identified plant samples were included in this study 
(Table 2.1). Sixteen live samples {QxghX Asparagus species and eight Stemona species) 
were collected and grown to flowering and fruiting in the Greenhouse, Department of 
Biology, the Chinese University of Hong Kong (CUHK). The voucher specimens of 
these species were deposited in the Herbarium, Department of Biology, CUHK. The 
identities of these plants were confirmed by matching with descriptions in the Flora 
of China (Chen & Tamanian, 2000; Tsi & Duyfjes, 2000). In addition, three 
herbarium specimens (two Asparagus fiUcinus and one Stemona mairei) were 
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obtained from Harvard University Herbaria and Herbaria Kunming Institute of 
Botany, the Chinese Academy of Sciences. Samples of DNA aliquots of two Stemona 
tuberosa samples were also obtained from the Royal Botanic Gardens, Kew DNA 
Bank. One freshly dried leaf sample was provided by National Botanic Garden of 
Belgium. 
Dried Baibu and Xiao-baibu herbal samples (Fig. 2.1; 10kg each, peeled 
tuberous roots in chopped form) for antitussive bioassay were provided by Yunnan 
Institute of Materia Medica, Kunming, Yunnan, China. 
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Table 2.1. List of taxa and sources of plant materials and DNA aliquots 
Sample 
Species names codes Voucher specimens (Voucher code / location) 
Asparagus cochinchinensis GACo 1 lingkahoOO 1 (CUHK herbarium) 
Asparagus densiflorus GADe 1 lingkaho002 (CUHK herbarium) 
Asparagus filicinus (Fig. 2.2) GAFil lingkahoOOS (CUHK herbarium) 
Asparagus filicinus HAFil Ho et al. 2645 (Harvard University Herbaria, GH) 
Asparagus filicinus HAFi4 Ref. 017923 8 (Kunming Institute of Botany, China) 
Asparagus longifolius BALol Ref.19391583 (National Botanic Garden of Belgium) 
Asparagus lycopodineus GALyl lingkaho004 (CUHK herbarium) 
Asparagus officinalis GAOfl lingkahoOOS (CUHK herbarium) 
Asparagus racemosus GARal lingkaho006 (CUHK herbarium) 
Asparagus setaceus GASe 1 lingkahoOOV (CUHK herbarium) 
Asparagus trichoclados GATrl lingkahoOOS (CUHK herbarium) 
Stemona collinsae GSCol 57/4Feb2004 (CUHK herbarium) 
Stemona curtisii GSCu 1 lingkaho009 (CUHK herbarium) 
Stemona japonica GSJal Ref. Hu & But 24032 (CUHK herbarium) 
Stemona kerrii GSKel Ref. 32/26Feb2002 (CUHK herbarium) 
Stemona mairei HSMal Handel-Mazzetti 4391 (Harvard University Herbaria, GH) 
Stemonaparviflora GSPal Ref. Ma9066 (CUHK herbarium) 
Stemona sessilifolia GSSel Ref. Hu & But 23972 (CUHK herbarium) 
Stemona shandongensis GSShl Ref. Zang 23974 (CUHK herbarium) 
Stemona tuberosa DSTu 1 Ref. 6197 (Royal Botanic Gardens Kew Plant DNA Bank) 
Stemona tuberosa DSTu2 Ref. 6195 (Royal Botanic Gardens Kew Plant DNA Bank) 
Stemona tuberosa (Fig. 2.3) GSTu2 Ref. Hu & But 2396 (CUHK herbarium) 
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A) Baibu (dried) B) Baibu (wet) 
鳴 ^ ^ • 
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C) Baibu (wet) D) Xiao-baibu (dried) 
JW^nSA mdmrmfm 
E) Xiao-baibu (dried) F) Xiao-baibu (wet) 
Fig. 2.1. Photos of Baibu and Xiao-baibu samples used for antitussive bioassay 
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• 
A) Flower * B) Flowers on branch * 
C) Anthers * D) Ovary * 
Kv.�气二, 二 、 显 I � 
E) Leaves F) Fruits * 
G) Bunch of root tubers H) Individual root tubers * 
Fig. 2.3. Photos of different parts of Stemona tuberosa (GSTu2) 
* Photos of Mr. Y. M. Chan, used with permission 
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2.2.2. Molecular authentication 
2.2.2.1. DNA extraction from plant samples 
4 0 0 p i of extraction buffer [200mM Tris-HCl (pH 8.0), 200mM NaCl, 25mM 
EDTA, 0.5% SDS] and proteinase K(10mg/ml) were added to 0.5 g of plant samples. 
The sample was then cut into fine pieces using scissors. The solution was mixed and 
incubated at 37�C for Ih. 400 //1 of 2X CTAB solution [2% CTAB (w/v), lOOmM 
Tris-HCl (pH 8.0), 20mM EDTA (pH 8.0), 1.4 M NaCl, 1% PVP 
(polyvinylpyrrolidone) Mr 40,000] was added and mixed gently. Proteins and lipids 
were extracted using equal volume of phenol:chloroform:isoamyl alcohol (25:24:1). 
After centrifugation at 13,200 x g for 10 min, the aqueous phase was transferred to a 
new microcentrifuge tube. The extraction process was repeated once with an equal 
volume of chloroform:isoamyl alcohol (24:1). Two-thirds volume of isopropanol was 
added to the aqueous phase and the solution was mixed gently and incubated at room 
temperature for 10 min. The solution was then spun at 13,200 x g for 10 min and the 
pellet was washed using 70% ethanol. The supernatant was discarded and the pellet 
was dried at 60�C for 10 min. DNA was resuspended in 30//1 double distilled water 
and stored at -20�C. For aged herbarium specimens and dried herbal materials, 
DNeasy® Plant MiniKits (Qiagen Inc., Valencia, California) was used for DNA 
extraction following the manufacturer's directions. 
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2.2.2.2. Polymerase chain reaction and DNA sequencing 
Polymerase chain reaction of the plastid trnL-F region {trnL intron and trnL-trnF 
intergenic spacer) was performed in a 27/i 1 reaction containing 1 ng DNA, 2.5 jil 
lOX PGR buffer [10 mM Tris-HCl (pH 8.3), 50 mM KCl, 25 mM MgCl^, 0.001% 
gelatin], l^il 0.5M BSA, l^il 99.9% DMSO, 2 2.5 mM dNTP, 1 25 i^M primers, 
and 1 III 1 U Taq polymerase. The sequences of primers used for amplification were 
TabC (5 ‘ CGA AAT CGG TAG ACG CTA CG3 ' ) and TabF (5 ‘ ATT TGA ACT GGT 
GAC ACG AG 3 ) for the whole plastid trnL-F region {trnL intron and trnL-trnF 
intergenic spacer); for aged herbarium specimens and dried herbal materials, the 
DNA region was amplified separately by TabC and TabD (5 ‘ GGG GAT AGA GGG 
a c t TGA A C 3 ' ) for trnL intron and TabE (5‘GGT TCA AGT CCC TCT ATC CC 
3') and TabF for trnL-trnF intergenic spacer (Taberlet et al., 1991). Initial template 
denaturation temperature was 95�C for 5 min, followed by 6 cycles of denaturation at 
95�C for 1 min, annealing at 45�C for 40s, and extension at 72�C for 40s, and then 
followed by 35 cycles of denaturation at denaturation at 95�C for 1 min, annealing at 
58�C for 40s, and extension at 72°C for 40s. 
The PGR products were purified from TAE (Tris-acetate-EDTA) agarose gels 
using VIOGENE Gel-M观 Gel Extraction System (Cat. No.: EG1002) following the 
manufacturer's directions. The purified DNA was sequenced by Sanger's Dideoxy 
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method using an ABB 100 DNA sequencer following the manufacturer's directions. 
2.2.2.3. Sequence analysis 
Alignment of the plastid trnL-F region {trnL intron and trnL-trnF intergenic 
spacer) was accomplished with the computer program ClustalX (Thompson et al., 
1997) with manual adjustments based on preconceived ideas about phylogenetic 
relationships (Mindell, 1991). Gap characters were scored using the simple indel 
coding method in SeqState version 1.4 (Simmons & Ochoterena 2000; Muller, 2005, 
2006). Neighbor-joining (NJ; Saitou & Nei, 1987) tree searches were conducted for 
each data set using 1000 tree-bisection-reconnection (TBR) searches in PAUP* 
4.0bl0 (Swofford, 2001). Confidence in the groupings was assessed using the 
bootstrap, with 1000 replications (Felsenstein, 1985). 
2.2.3. Antitussive bioassay 
2.2.3.1. Animals 
License (no. DH/ORHI/8/2/1 pt.6) to conduct animal experiment was applied in 
accordance with Animal (Control of Experiments) Ordinance, Department of Health, 
Hong Kong SAR Government. Experimental design was approved by the Animal 
Experimentation Ethics Committee (AEEC), CUHK. Dunkin-Hartley guinea pigs, 
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body weight 250-350g were kept in room temperature 23土2�C and a 14:10 light/dark 
cycle with free access to food and water. Each group includes six animals, three from 
either gender. 
2.2.3.2. Extract preparation 
Authenticated dried root tubers of Baibu (1kg) and Xiao-baibu (1kg) samples 
were chopped into small pieces and extracted separately with 2L 95% EtOH under 
reflux for 2h for two times. The extracts were collected, filtered and dried into 
powder form under reduced pressure. The powder was stored in desiccators and the 
test sample used in antitussive bioassay was freshly prepared by weighing the 
powder and dissolve in distilled water. Exact procedures were followed for the water 
extract, except the use of distilled water instead of 95% EtOH. 
2.2.3.3. Bioassay 
Screening for suitable guinea pigs: Terbutaline (0.05 mg/kg) was intragastrically 
administered at 5 min before challenging with citric acid (Belvisi and Hele, 2003). 
Then, the unrestrained conscious guinea pigs were individually placed in a 
transparent Perspex airtight chamber and exposed to 0.5M citric acid aerosol 
produced by an ultrasonic nebulizer (NEU12, Omron, Tokyo, Japan) for 10 min with 
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a flow rate of 0.6ml/min (Fig. 2.4). During the 10 min observation period, the 
animals were continuously observed, and the numbers and timing of typical body 
movements of cough responses including opening the mouth, contraction of thoracic 
and abdomen muscles together with a jerking of the front body were noted. The 
cough sounds were simultaneously picked up via a microphone connected to a 
personal computer and analyzed by Cool Edit 2000 software (Syntrillium, Phenix, 
USA). Thus, a cough response can be differentiated from a sneeze and other 
background noises by observation of body movements, cough sound from 
loudspeakers and wave patterns recorded in the computer (Fig. 2.4). Animals 
coughing more than 18 times but less than 30 times in the first challenge were 
selected for further antitussive tests, whereas animals coughing less than 18 times or 
more than 30 times were either under-reacted or over-sensitive, and they were 
discarded. The coughing episodes during the first challenge were recorded as the 
basal sensitivity to critic acid. 
Antitussive activity of tested samples: after 5-day recovery, the selected 
sensitive animals were randomly divided into five groups with six animals in each 
group. The test samples were dissolved in distilled water and intragastrically 
administered at 60 min before the second challenge with citric acid, whereas distilled 




I . . . 
intragastrically administered at 5 min before challenging with citric acid. 
Perspex airtight chamber 
Ultrasonic nebulizer Unrestrained conscious Cough sound wave pattern 
guinea pig recorded in the computer 
j Fig. 2.4. Experimental setup for antitussive bioassay and cough sound wave pattern 
2.2.3.4. Statistical analysis 
i 
The numbers of coughs were expressed in mean 土 S.D. and the treated groups 
,1 
！ in the second challenge were compared with their first challenge by paired t-test 
using SPSS version 13.0 (SPSS Inc, Chicago, USA). The numbers of coughs for the 




2.3.1. Molecular authentication 
The plastid trnL-F region {trnL intron and trnL-trnF intergenic spacer) was 
successfully amplified and sequenced for all samples, including aged herbarium 
specimens and dried herbal materials. The total read length for both genera ranged 
from 845bp to 860bp. The DNA sequences are listed in Appendix 1. This region was 
useful in differentiating Asparagus species from Stemona species as the 2 genera 
were resolved into separated clades in the neighbor-joining (NJ) tree (Fig. 2.5). This 
dichotomous relation between the two genera was further confirmed by their 
intrageneric and intergeneric similarities (Appendix 11). The similarity within the 
genus Asparagus ranged from 97.1-99.8% and that for Stemona was from 
94.1-99.8%. However, the similarity between Asparagus and Stemona varied from 
71.8-74.6%. Confirming that the plastid trnL-F region can be used to differentiate 
the two genera._Xiao-baibu and Baibu samples used in the antitussive bioassay were 
identified as Asparagus filicinus and Stemona tuberosa, respectively, as they were 
matched with their respective authentic specimens and separated from other closely 
related taxa in the NJ tree. They also displayed a similarity of 99.7-100.0% to their 
respective authentic samples (Appendix 11). 
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UL 一 Asparagus filicinus GAFil § 
L Asparagus filicinus HAFil 
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Fig. 2.5. The trnL-Fregion (both spacer and intron) neighbor-joining tree with 
bootstrap values more than 50 % indicated at branches. For voucher codes, 
please refer to Table 2.1. 
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2.3.2. Antitussive bioassay 
The yields for water and ethanol extraction for Baibu were 300g (i.e. 300g dried 
powder from 1kg sample) and 120g respectively; those for Xiao-baibu were 400g 
and 150g respectively. 
In this study, 30 animals that passed the screening of sensitivity in the first 
challenge were divided randomly into five groups. The treatment groups were 
intragastrically given the extracts at 5g/kg, which is the maximum soluble dosage of 
the Xiao-baibu water extract powder in 6ml distilled water (a maximum feeding 
volume to a guinea pig). Mean values for all five groups, including the control group, 
showed a decrease in cough number in the second challenge (Table 2.2; Fig. 2.6). 
However, the differences were tested statistically with paired t-test, and the 
differences for Xiao-Baibu water extract (P=0.36), Xiao-Baibu ethanol extract 
(P=0.012) and control group (P=0.05) were statistically insignificant (P>0.01). 
However, the decreases in cough number for both Baibu water extract (P=0.004) and 
ethanol extract (P=0.000) were significantly different (P<0.01) (Table 2.2; Fig. 2.6). 
The antitussive effects for both water extract and ethanol extract of Baibu were 
very obvious, and the ethanol extract was more effective in reducing cough number 
by approximately 30%. On the contrary, both types of extracts from Xiao-baibu did 
not show any significant antitussive effect at the tested dosage (Table 2.2; Fig. 2.6). 
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Table 2.2. Cough numbers for different treatment groups (A-E) in first and second 
challenges 
A 
Xiao-baibu, 5g/kg water Cough no. 
extract 
Guinea pigs 1 st challenge 2nd challenge 
1 22 18 
2 18 15 
3 18 26 
4 24 9 
5 29 23 
6 19 20 
mean 21.67 18.50 
^ ^ ^ 
B 
Xiao-baibu, 5g/kg ethanol Cough no. 
extract 
Guinea pigs 1 st challenge 2nd challenge 
1 24 23 
2 28 26 
3 22 22 
4 23 20 
5 18 15 
6 19 16 
mean 22.33 20.33 
SD 3.6 4.2 
^ Cough no. 
Baibu, 5g/kg water extract 
Guinea pigs 1 st challenge 2nd challenge 
1 22 15 
2 31 28 
3 28 18 
4 18 15 
5 21 16 
6 22 13 
mean 23.67 17.50 
SD 4.8 5.4 
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Baibu, 5g/kg ethanol extract 
Guinea pigs 1 st challenge 2nd challenge 
1 27 9 
2 24 15 
3 24 13 
4 19 5 
5 22 6 
6 20 7 





Guinea pigs 1 st challenge 2nd challenge 
1 19 16 
2 24 21 
3 25 18 
4 18 19 
5 23 21 
6 28 26 
mean 22.83 20.17 
^ ^ ^ 
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Fig. 2.6. Bar chart showing antitussive effects of different samples at 5g/kg. Black 
columns represent first challenge with citric acid aerosol; white columns 
represent second challenge with citric acid aerosol after administration with test 
samples (n=6). A: Xiao-baibu water extract; B: Xiao-baibu ethanol extract; C: 
Baibu water extract; D: Baibu ethanol extract; E: Control. Error bars show mean 
土S.D. *P<0.01 in C and D. 
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2.4. Discussion 
2.4.1. Molecular marker for differentiating Asparagus species and Stemona 
species 
There are 31 Asparagus species and seven Stemona species in China (Chen & 
Tamanian, 2000; Tsi & Duyfles, 2000). Almost one-third (9/31) of the Chinese 
Asparagus species and all (7/7) Chinese Stemona species, together with another two 
non-Chinese Stemona species, were included in this study. The plastid trnL-F region 
could resolve Asparagus and Stemona into separate well supported groups. 
Tuberous roots from these two genera are notoriously hard to identify (Xie, 
1987; Greger, 2006; Bopana & Saxena, 2007). For instance, Asparagus racemosus is 
commonly adulterated by Asparagus officinalis and A. cochinchinensis (Bopana & 
Saxena, 2007), whereas Stemona collinsae was mistaken as Asparagus racemosus 
and led to confusions in chemical literature (Wiboonupun et al., 2004; Greger, 2006). 
In this study, these species were all included and our results showed that the plastid 
trnL-F region could differentiate these species. 
2.4.2. Incorporating molecular authentication into chemical and pharmaceutical 
studies 
In most chemical (Ding & Yang, 1990; Cong et al., 1992; Sharma & Thakur, 
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1994, 1996; Sekine et al, 1995; Jiwajinda et al, 2001; Wiboonpun et al., 2004; Li et 
al., 2005; Cai & Luo, 2007) and pharmaceutical (Wen et aL, 1993; Mandal et al., 
2000; Chung et al., 2003) studies on Asparagus and Stemona, morphological 
characters are primarily applied to ensure correct use of plant materials. However, 
morphological characters are not definitive, especially in the case of dried and 
chopped materials, which have their external features being removed in post-harvest 
handling. Moreover, common names of Chinese medicines can be very confusing as 
shown in this study. For instance, many Asparagus species are called Baibu: 
Asparagus filicinus is called Xiao-Baibu; Asparagus lycopodineus is called 
Shan-Baibu, Asparagus officinalis is called Da-Baibu (Xie, 1987; Ding & Yang, 
1990; Cong et al., 1992). At least six Aspargus species are commonly called and used 
as Baibu in different parts of China (Xie, 1987). Meanwhile, Baibu itself is called 
wild asparagus (Tasanor et al., 2006). The confusing common names make the 
collection of correct plant material difficult for many researchers. Indeed, the 
uncertainty in using properly identified plant material has long been an issue and led 
to mistaken publications (Greger, 2006). 
Our study demonstrated the incorporation of molecular authentication in 
pharmaceutical study, and it was proved feasible and should be acted as standard 
protocol to ensure correct plant material being used in other studies. 
4 1 
2.4.3. Bioassay model and antitussive effects of Xiao-baibu 
It was claimed that Xiao-baibu is a better antitussive than Baibu (Ding & Yang， 
1990), while studies on antitussive properties of various Asparagus species, 
including Asparagus filicinus and Asparagus racemosus, showed that they could 
decrease the cough number in mice (Wen et al., 1993; Mandal et al., 2000). However, 
there are reservations for this model because mice do not have rapidly adapting 
receptors, which play an important role in cough reflex; also, mice lack 
intraepithelial nerve endings and thus are thought to be devoid of any cough reflex 
(Belvisi and Hele, 2003). Therefore, there is much skepticism towards their results 
(Belvisi and Hele, 2003). On the other hand, guinea pig was proved to have similar 
cough reflex as humans (Belvisi and Hele, 2003). Guinea pig provides a good model 
of the human cough reflex and it was confirmed by a study showing the similarity in 
response to both citric acid in humans and guinea-pig (Laude et al., 1993). 
In this study, Asparagus filicinus did not significantly decrease the cough 
number at 5g/kg. At the tested dosage, it is equivalent to feeding 33g dried 
Xiao-baibu herbal material based on the extraction yield for Xiao-baibu ethanol 
extract. According to the Chinese Pharmacopeia (2005) and the Chinese Dictionary 
of Herbal Medicine (2006), the normal human consumption for Xiao-baibu and 
Baibu ranges from 5-15g and 3-9g respectively. Our feeding amount was more than 
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double the maximum recommended dosade for Xiao-baibu, yet only an insignificant 
reduction in cough number was recorded. Therefore, it was concluded that 
Xiao-baibu has a negligible or much weaker antitussive effect, if any. In contrast, 
Baibu decreased the cough number significantly. Previous studies showed that the 
alkaloids found in Baibu are the active components in suppressing the sensory nerves 
(Chung et ah, 2003). On the other hand, phytochemical studies found that 
Xiao-baibu did not contain any alkaloid; saponins are its main component (Ding & 
Yang, 1990; Cong et al, 1992). 
2.4.4. Cough treatment and potential use of Xioa-baibu 
Cough after an upper respiratory vims infection is transient and treatment 
directed at the infection can improve the associated cough. However, there is often a 
need to control cough itself whatever the cause. Active agents for cough therapy can 
be divided into cough suppressants (antitussives) and cough enhancers (expectorants 
or mucolytics) (Chung & Chang, 2002; Rubin, 2003). Antitussives are more 
commonly used not just to suppress cough but to reduce the distress caused by 
repetitive coughing (Ziment, 2002). While antitussives have been studied for 
centuries, cough enhancers have not yet been systematically studied (Chung & 
Chang, 2002). 
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Although not all saponin-containing plants are cough enhancers (expectorants or 
mucolytics), most important cough remedies contain saponins, such as Luohan-Guo 
{Siraitia grosvenorii) and Pink Reineckia (Reineckia earned) (Chen et al., 2006; 
Zhang et al., 2006). It was claimed that saponins can lower the mucus viscosity by 
stimulating the ‘gastric-pulmonary mucokinetic reflex' through the vagus nerve 
(Ziment, 2002, 2003). Therefore, Xiao-baibu, which is rich in saponins (Ding & 
Yang, 1990; Cong et al., 1992), might function as a mucolytic. However, it is not 
recommended to substitute Baibu with Xiao-baibu because the later clearly did not 
have the same antitussive as Baibu, or at least, it did not work through the same 
mechanism as Baibu. At this stage, Baibu should not be substituted by Xiao-baibu. 
2.5. Conclusions 
Dried tuberous roots were identified by molecular authentication and our results 
revealed that Xiao-baibu has a negligible or much weaker antitussive effect, if any, in 
comparison to Baibu. Similar substitution of indigenous materials for genuine 
materials is common in different ethic groups. Our findings can act as a wake-up call 
to this situation and a combination of molecular authentication and properly tested 
bioassay model is required to clarify the substitution in order to safeguard the users. 
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Chapter 3. Rapid detection of oilfish and escolar 
in fish steaks: a tool to prevent keriorrhea 
episodes * 
3.1. Introduction 
Oilfish {Ruvettus pretiosus) and escolar {Lepidocybium flavohrunneum) belong 
to the Gempylidae (snake mackerel) family, and are the only species of their 
respective genera (Alexander et al., 2004). They have long been known to possess 
purgative effects because of their high oil content, accounting for approximately 20% 
of their wet weight (Cox & Reid, 1932; Mori et al., 1966; Ukishima et al., 1987). 
The major component contributing more than 90% of the total oil is a group of 
indigestible wax esters, which cause diarrhea and other acute gastro-intestinal 
symptoms, such as abdominal cramps, nausea, headache and vomiting 
(Ruiz-Gutierrez et al., 1997; Yohannes et al., 2002; Alexander et al., 2004). Although 
the aftermath is mild in most cases, consumption of oilfish or escolar by people with 
bowel sensitivity or by pregnant women could be risky (Shadbolt et al., 2002). 
Diarrhea associated with oilfish or escolar consumption is characterized by 
* Part of the results in this chapter is published in the following: 
1 • Ling, K. H.; Cheung, C. W.; Cheng, S. W.; Cheng, L.; Li, S. L.; Nichols, P. D.; Ward, 
R. D.; Graham, A.; But, P. P. H. (2008) Rapid detection of oilfish and escolar in fish 
steaks: a tool to prevent keriorrhea episodes. Food Chemistry 110\ 538-546. 
2. But, P. R H.; Ling, K. H.; Cheng, S. W. (2008) Orange roughy is rich with indigestible 
wax esters. Hong Kong Medical Journal 14.. 246. ^^ 
excretion of an orange to brown oil without causing loss of body fluid as in ordinary 
diarrhea; the term keriorrhea was coined for this type of diarrhea (Berman et al., 
1981). Long-term consumption of wax esters in mice could lead to seborrhea, in 
which wax esters are released through the sebaceous glands on the skin, blocking 
pores and potentially interfering with metabolism (Mori et al., 1966). Therefore, wax 
esters in these two fishes are regarded as a natural toxin called gempylotoxin (FDA, 
2001a). 
Outbreaks of keriorrhea associated with consumption of oilfish or escolar have 
been repeatedly reported in several continents (Berman et al., 1981; Shadbolt et al., 
2002; Gregory, 2002; Givney, 2002; Feldman et al., 2004; Leask et al., 2004). Many 
countries have introduced legislation or regulation on these two fishes. Italy and 
Japan banned their import and sale (Alexander et al., 2004). Australia, Canada, 
U.S.A., and a majority of the member states of the European Union have issued 
special guidelines regarding trade and consumption of these fishes. 
An outbreak of over 600 cases of keriorrhea occurred in Hong Kong towards the 
end of 2006 (Chong, 2007; Chung, 2007a; Connolly et al 2007). Packages of oilfish 
steaks were mislabeled as codfish (Chong, 2007). Escolar, on the other hand, was 
found offered as sushi or sashimi under the name of snowfish or white tuna (Chung, 
2007b; Mok, 2007). In February 2007, similar fish steaks were found in the 
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Chinatown in Toronto, Canada, and resulted in an outbreak of keriorrhea. The oilfish 
outbreak awoke the Hong Kong public to food safety with strong demands for 
regulation and identification of these two fishes (Goh, 2007). 
A global ban on oilfish and escolar trading is impossible as various countries 
have different policies; yet the two fishes are considered by many as undesirable for 
consumption. Where consumption occurs, suitable guidelines or advice to consumers 
are needed. Misidentification and mislabeling could happen throughout the entire 
supply chain, from fish importers, wholesalers, retailers to restaurants. The public 
and law-enforcement agencies require a convenient method for identification of the 
two fishes together with a well-established labeling system. Various methods have 
been developed for seafood authentication over the years, including protein analysis 
and DNA analysis (Civera, 2003). One study written in Japanese investigated the use 
of SDS-polyacrylamide gel electrophoresis (SDS-PAGE) to differentiate oilfish and 
escolar from other commonly marketed fishes (Ochiai et al” 1984). However, if 
fishes are processed by cooking or sun-drying, the species-specific proteins could be 
denatured (Carrera et al., 1999). DNA-based techniques are less affected by food 
processing, even in canned tuna (Quinteiro et al., 1998). Thus, it would be preferable 
to utilize DNA analysis rather than protein analysis for identifying seafood (Bartlett 
& Davidson, 1992). DNA-based techniques, however, are expensive and 
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time-consuming. 
In this study, a combination of DNA sequencing, GC-MS and TLC was used to 
identify oilfish and escolar and the wax-esters extracted from them. A TLC method 
was developed for rapid differentiation of oilfish and escolar from other commonly 
marketed fishes, so as to provide food-control officers and members of the seafood 
industry a suitable protocol to rapidly detect the two fishes. 
4 8 
3.2. Materials and methods 
3.2.1. Fish samples 
Twenty-eight fish steaks or fillet samples were purchased or collected from local 
markets in Hong Kong (Table 3.1). Voucher specimens of the 28 fish steaks were 
stored at -80°C at the Chinese University of Hong Kong. Skin, including the outer 
lipid layer, was excluded and only meat was used. Six authentic reference samples 
were obtained from CSIRO Marine Laboratories, Australian National Fish Collection, 
including samples A1-A3 being Ruvettuspretiosus with voucher numbers H4215-02, 
Unregistered and H5147-01 as well as samples A4-A6 being Lepidocybium 
flavobrunneum with voucher numbers H4782-01, H52332-01 and Unregistered, 
repectively (Table 3.2). The six authentic samples were used to confirm the identities 
of marketed samples by DNA analyses. Fish sample R1 was cooked by steaming at 
100°C for 10 min or frying at 250°C for 5 min; these samples were labeled as Rls 
(steamed) and Rlf (fried), respectively. 
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A) Oilfish steak in package (El) B) Oilfish steak labeled as “Cod fish” (El) 
C) Oilfish steak (El) D) Oilfish steak side view (El) 
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E) Escolar labeled as snowfish sashimi (E5) F) Escolar sold as snowfish sashimi (E6) 








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































3.2.2.1. Extraction of DNA from meats 
400 fi 1 of extraction buffer [200mM Tris-HCl (pH 8.0), 200mM NaCl, 25mM 
EDTA, 0.5% SDS] and proteinase K(10mg/ml) were added to 0.5g of meat. The 
sample was cut into fine pieces. The solution was mixed and incubated at 37°C for 
Ih. 400//I of 2X CTAB solution [2% CTAB (w/v), lOOmM Tris-HCl (pH 8.0), 
20mM EDTA (pH 8.0), 1.4 M NaCl, 1% PVP (polyvinylpyrrolidone) Mr 40,000] was 
added and mixed gently. Proteins and lipids were extracted using equal volume of 
chloroform: isoamyl alcohol (24:1) with 5% phenol. After centrifugation at 13,200 x 
g for 10 min, the aqueous phase was transferred to a microcentrifuge tube. The 
extraction process was repeated with an an equal volume of chloroform:isoamyl 
alcohol (24:1). Two-thirds volume of isopropanol was added to the aqueous phase 
and the solution was mixed gently and incubated at room temperature for 10 min. 
The solution was spun at 13,200 x g for 10 min and the pellet washed using 70% 
ethanol. The supernatant was discarded and the pellet was dried at 60°C for 10 min. 
DNA was resuspended in 30//1 double distilled water and stored at -20°C. 
3.2.2.2. Polymerase chain reaction and DNA sequencing 
Polymerase chain reaction of the mitochondrial 12S rRNA gene, 16S rRNA gene, 
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cytochrome b gene, and cytochrome oxidase subunit I (coxl) gene was performed in 
a 25/ / I reaction containing 1 ng DNA, Ix Taq buffer [75mM Tris-HCl (pH 8.8)， 
20mM ( N H J s S O j , 0.01% Tween 20], 0.1 mM dNTPs, 1 unit of Taq polymerase 
and 1 // M of primers. The sequences of primers used for amplification were 12L1 
(5'AAA A AG CTT CAA ACT GGG ATT AG A TAC CCC 3 ) and 12H1 (5'TGA 
CTG CAG CAG AGG GTG ACG GGC GGT GTG T 3 ) for 12S rRNA fragment, 
16L1 (5 ’ CTG ACC GTG CAA AGG TAG CGT AAT CAC T 3 ') and 16H1 (5 ’ CTC 
CGG TCT GAA CTC AGA TCA CGT AGG 3 ) for 16S rRNA fragment (Hedges, 
1994), L14841 (5' ATC CAA CAT CTC AGC ATG ATG AAA 3') and H15149b (5’ 
CCC CTC AGA ATG ATA TTT GTC TCA 3，）for cytochrome b fragment (Kocher et. 
al., 1989), and FishFl (5, TCA ACC AAC ACA AAG ACA TTG GCA C 3') and 
FishRl (5' TAG ACT TCT GGG TGG CCA AAG AAT CA 3，）for coxl gene (Ward 
et. al., 2005). The primers flanked sites 1087—1478 for 12L1/12H1, sites 2607-3055 
for 16L1/16H1, and sites 14841-15149 with reference to human mitochondrial 
genome (Hedges, 1994, Kocher et. al., 1989). Initial template denaturation 
temperature was 95°C for 5 min, followed by 35 cycles of denaturation at 95°C for 1 
min, annealing at 50°C for 1 min, and extension at 72°C for 1 min. 
The PGR products were purified from TAE (Tris-acetate-EDTA) agarose gels 
using VIOGENE Gel-M^^ Gel Extraction System (Cat. No.: EG 1002) following the 
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manufacturer's directions. The purified DNA was sequenced by Sanger's Dideoxy 
method using an ABO 100 DNA sequencer following the manufacturer's directions. 
3.2.2.3. Sequence analysis 
Alignments of the mitochondrial 12S rRNA gene, 16S rRNA gene, cytochrome b 
gene and cytochrome oxidase subunit I (coxl) gene were accomplished with the 
computer program ClustalX (Thompson et al., 1997) with manual adjustments based 
on preconceived ideas about phylogenetic relationships (Mindell, 1991). 
Dendrograms were constructed using MEGA version 3.1 (Kumar et. al, 2004) with 
neighbor-joining (Saitous & Nei, 1987) method and a Kimura-two parameter (K2P; 
Kimura, 1980) distance model. Confidence in dendrograms was assessed by the 
bootstrap method (Felsenstein, 1985), with 1000 replications. BLAST searches 
revealed the identities of samples, with GenBank used for the mitochondrial 12S 
rRNA gene, 16S rRNA gene and cytochrome b gene; and BOLD (Barcode of Life 
Database, www.barcodeoflife.org) for coxl gene. 
3.2.3. Gas chromatography - mass spectrometry (GC-MS) analysis * 
* GC-MS analysis was performed by Ms. Sau Wan Cheng. 
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3.2.3.1. Sample preparation and lipid extraction 
Fish samples (4g in wet weight) were cut into fine pieces. Lipid was extracted 
with 6 ml hexane using an ultrasonic vibrator (Branson 3200, USA) with gentle 
stirring and squeezing for 5 min. After centrifugation at 13,200 x g for 2 min, the 
supernatant was transferred to new tube. 
3.2.3.2. GC-MS analysis 
GC-MS analysis of the supernatant was performed on a J&W fused silica 
capillary column (30m, 0.25 mm ID, 0.25 \im film thickness) in a Shimadzu 
GCMS-QP2010 GC-MS System with oven temperature programming, 100°C, 1 min; 
100�C to 300�C, rate 3 � C / min; 300�C, 40 min. Injector temperature was 2 8 0 � C 
and transfer line temperature was 280°C with ion source temperature set to 200°C. 
Helium (purity = 99.999%) was used as carrier gas. The linear velocity on column 
was 36.7 cm/s. MS analysis was performed in a quadrupole mass spectrometer, using 
electron impact as the ionization mode. Electron energy was -70eV, ion polarity was 
positive, mass range scanned was 50-1000 a.m.u., scan time was 0.5 s and the 
electron multiplier voltage was 1OOOV. 
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3.2.4. Thin-layer chromatography (TLC) analysis* 
3.2.4.1. Chromatogram development and wax ester detection 
Supernatant was applied to silica gel plates (Silica gel 60F254, Merck) using 
disposable micropipettes. The plate was developed in a glass tank lined with filter 
paper and saturated with xylene, which acted as the mobile phase for resolving 
non-polar lipids. After development, the plate was oven-dried and sprayed with 40% 
sulfuric acid in ethanol:anisodehyde (9:0.1) and heated at 100°C for 2 min or until 
color was observed. Another TLC plate was developed as above, but no spray was 
used. Translucent spots on the plates were extracted with 3ml acetone for GC-MS 
analysis. 
3.3. Results 
3.3.1. Identification by DNA analysis 
PGR amplifications of the four mitochondrial gene regions were successful for 
all 34 samples, and for the two cooked oilfish samples Rls and Rlf. The read lengths 
for mitochondrial 12S rRNA, 16S rRNA, cytochrome b and coxl were about 400bp, 
500bp, 300bp and 600bp long, respectively. All DNA sequences were listed in 
* TLC analysis was kindly assisted by Ms Ling Cheng. 
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Appendices 2-5. Twenty-four DNA sequences of the four genes in the six authentic 
reference samples (A1-A6) were deposited in GenBank with accession numbers 
ranging from EU003538 to EU003561 (Table 3.2). Sequences of the four 
mitochondrial gene regions were used to construct four neighbor-joining (NJ) trees 
(Figs. 3.2-3.5). All NJ trees clearly revealed that some samples (C3, C4, El, E2, E3, 
E5, E6, E7, R1 and R2) retailed as “cod fish" or "snowfish" were actually oilfish or 
escolar given that their sequences clustered with those of authentic samples. In the 
four similarity matrixes for the four regions (Appendices 12-15), samples identified 
as oilfish had a very high similarity to the authentic oilfish samples ranging from 
99.4—100.0%; whereas samples identified as escolar also displayed likewise high 
similarity to the authentic escolar samples ranging from 98.3-100.0%. Similarity 
between oilfish to other tested fish species varied from 75.8-88.8% and that between 
escolar to the others ranged from 75.7-89.0%. 
Oilfish and escolar are closely related species belonging to the same family. 
This relationship was shown in the NJ trees where both species clustered in a well 
defined group and separated from other commonly marketed fishes (Figs. 3.2-3.5). 
Clustering of oilfish and escolar were supported by high bootstrap values and thus, 
DNA analysis can be used to differentiate oilfish and escolar from other fishes. 
DNA sequences of the four mitochondrial gene regions were BLAST-searched 
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in GenBank and BOLD to confirm the identities of the 28 marketed fish samples 
(Table 3.1). It was found that seven fish samples (C3, C4, El , E2, E3, Rl and R2), 
which were labeled as codfish, silver cod, yellow cod or white cod, matched with 
oilfish. Amongst these seven samples, only El bore "oilfish" as supplementary 
information on the package (Fig. 3.1). Another three, E5, E6 and E7, labeled as 
snowfish, were escolar. Sample E4, which was sold as silver cod, was identified as 
halibut, as it clustered to both halibut samples HI and H2 (Figs. 3.2-3.5). Only one 
sample, Gl, was genuine cod fish, which belongs to the genus Gadus. 
Cooked oilfish Rls and Rlf had the exact same sequences as the untreated 
sample, Rl , for all four mitochondrial gene regions; yet moderate DNA 
fragmentation was observed in the DNA extraction gel. Cooking processes, such as 
steaming and frying, did not completely degrade the DNA required for proper 
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Fig. 3.2. K2P distance neighbor-joining tree of 12S rRNA gene sequences from 34 
fish samples (codes refering to Table 3.1). Samples that were identified as 
oilfish and escolar clustered into their own groups; with bootstrap values 
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Fig. 3.3. K2P distance neighbor-joining tree of 16S rRNA gene sequences from 34 
fish samples (codes refering to Table 3.1). Samples that were identified as 
oilfish and escolar clustered into their own groups; with bootstrap values 
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Fig. 3.4. K2P distance neighbor-joining tree of cytochrome b gene sequences from 
34 fish samples (codes refering to Table 3.1). Samples that were identified as 
oilfish and escolar clustered into their own groups; with bootstrap values 
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Fig. 3.5. K2P distance neighbor-joining tree of COXl gene sequences from 34 fish 
samples (codes refering to Table 3.1). Samples that were identified as oilfish 
and escolar clustered into their own groups; with bootstrap values indicated at 
branches (bootstrap values > 50% are shown). 
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3.3.2. GC-MS and TLC analyses 
Lipid extracts of all samples were analyzed by GC-MS. Characteristic peaks 
showing the existence of wax esters were found only in samples identified by DNA 
sequences as oilfish and escolar (Fig. 3.6). Utilization of the computerized NIST 
Library Search program compared the sample mass spectrum to the database of 
standard mass spectra; compounds exhibiting the most prominent peaks (Peaks 1-4 
in Fig. 3.6) were closely matched with unsaturated wax esters containing 32 to 36 
carbons. Cooked oilfish samples (Rls and Rlf) showed identical patterns to untreated 
oilfish samples (Fig. 3.6). All other fishes did not display wax esters and showed 
similar GC-MS profiles (Fig. 3.6). 
Lipid extracts from the fish samples also were used for TLC analysis. A 
characteristic spot at Rf = 0.6 was found only in oilfish and escolar (Fig. 3.7). The 
two cooked oilfish samples (Rls and Rlf) showed identical TLC band patterns to the 
untreated oilfish and escolar. In contrast, other commonly marketed fishes displayed 
no spot at Rf = 0.6, meaning that these heat-stable and low polarity lipids exist only 
in oilfish and escolar, and not in other tested fishes. GC-MS analysis of the acetone 
extract of the spot at Rf = 0.6 confirmed that it consisted of a mixture of wax esters. 
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Fig. 3.6. GC-MS total ion chromatograms for (A) oilfish sample Rl , (B) cooked 
oilfish sample Rls and (C) black cod sample C2. Peak identification by NIST 
Mass Spectral Library Search. Peak 1, r.t.: 67.4min., 9-octadecenoic acid (Z)_, 
tetradecyl ester, CAS no.: 22393-85-7, MW: 478, similarity index: 93. Peak 2, 
r.t.: 72.7min., 9-octadecenoic acid (Z)-, hexadecyl ester, CAS no.: 22393-86-8, 
MW: 506, similarity index: 93. Peak 3, r.t.: 78.3min., 9-octadecenoic acid (Z)-, 
9-octadecenyl ester, (Z)-, CAS no.: 3687-45-4, MW: 532, similarity index: 92. 
Peak 4, r.t.: 78.9min., 9-octadecenoic acid (Z)-, octadecyl ester, CAS no.: 
17673-49-3, MW: 534, similarity index: 93. [Analyses produced by Ms. Sau 
Wan Cheng.] 
6 7 
1 1 1 I I I 
lillM.lllll 
« 基 � I » • « « i • i 暴 參 • • 垂 • 暴 《 . * * 書 容 暴 « 塞 
1 2 3 4 £ 6 7 8 9 10 f1 12 13 14 IB 1G 17 18 19 20 21 22 23 24 25 2fi 
Mtu.^ * — 一 
Fig. 3.7. Thin layer chromatogram of 26 samples observed under visible light (lane 
sequence and sample codes following those in Table 3.1). Only oilfish and 
escolar samples (lanes 1-11) showed a characteristic spot at Rf = 0.6. 
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3.4. Discussion 
3.4.1. Confusing labeling system in the markets 
Fishery products are generally processed with the external features eliminated. 
In our study, the fish steaks or fillets were cut in a way that only a small portion of 
the skin remained attached to the flesh, while in samples E4, E5 and E6, they were 
sold as sashimi without skin (Fig. 3.1). Our results showed that DNA authentication 
enabled species identification of these fish products, even for the cooked samples 
R l f andRl s . 
DNA analysis revealed substantial confusion in fish labeling. Mislabeling and 
substitution are world-wide concerns, and can be intentional or accidental. In this 
study, the name "cod" was found to be used widely and intentionally to label fish 
species of very different families. True cod belongs to the genus Gadus with only 
three species. Two of the three species, G. morhua (Atlantic cod) and G 
macrocephalus (Pacific cod), are commercially important but overfishing has caused 
dramatic declines in stocks over the years, such that G. morhua is now considered a 
vulnerable species (lUCN Red List of Threatened Species, 2006). The limited supply 
of cod has driven the substitution of expensive cod by halibut, sea bass or oilfish as 
in the keriorrhea outbreak in Hong Kong. Accidental mislabeling also contributed to 
several outbreaks of keriorrhea associated with oilfish or escolar consumption in 
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Australia and the U.S. (Shadbolt et al., 2002; Gregory, 2002; Givney, 2002; Feldman 
et al., 2004; Leask et al., 2004). In those cases, oilfish or escolar were mislabeled as 
rudderfish, butterfish, ruddercod, mackerel, waluu or gemfish. A consistent and 
legally-enforceable labeling system is required to ensure safety of fish consumption 
and DNA analysis should be part of such a system. 
Although DNA analysis is accurate to the species level and can be used for 
cooked samples, it is time-consuming and expensive. In addition, DNA 
fragmentation during cooking could prevent successful amplification of a large size 
gene region. For differentiating oilfish and escolar from other common fishes, TLC 
analysis is faster and simpler and may be preferred. 
3.4.2. TLC - a convenient way to detect oiMsh and escolar 
Wax esters, consisting of a fatty acid esterified to a fatty alcohol, provide 
buoyancy in oilfish and escolar. Unlike many heat-labile proteins, wax esters are heat 
stable and indigestible by humans, and pass through the digestive tract. It is this 
stable characteristic that makes the use of wax esters for identification purposes 
reliable, even on cooked and digested fish samples. Wax esters are very low polarity 
lipids and can be easily distinguished by TLC from other lipids, such as triglycerides. 
Wax esters are more stable than most proteins and also vary less among different 
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tissues. A previous study used soluble muscle proteins from oilfish and escolar for 
identification (Ochiai et. al, 1984) and was useful only for muscle. However, wax 
esters are present in different muscle parts, such as dorsal, ventral, subcutan and 
periosteum; and various internal organs, including liver, gall bladder and testes, of 
oilfish (Ruiz-Gutierrez et. al., 1997). Therefore, the detection of wax esters for 
identification has advantages over protein profiling in terms of stability and 
consistency across tissues. 
In this study, TLC succeeded in rapidly differentiating oilfish and escolar from 
other fishes. The whole process, from extraction to staining, took less than 30 
minutes while the equipment involved is readily available in most laboratories. Each 
TLC plate can accommodate more than 20 samples, and multiple plates can be run 
simultaneously. It is a space-saving and suitable technique for screening large sample 
numbers. 
3.4.3. Wax esters and deep-water Hshes 
Major lipid components of most fish species, including commercially important 
fishes, are triglycerides and phospholipids. Wax esters, in contrast, are less common 
lipids and, where they occur in deep-water fishes, provide a way to enhance 
buoyancy (Bone, 1972). In deep-water fishes, such as oilfish, escolar, orange roughy 
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{Hoplostethus atlanticus), species of oreos {Allocyttus spp., Pseudocyttus spp., 
Neocyttus spp. and Oreosome spp.) and myctophid fishes (Lampanyctus ritteri, 
Stenobrachius leucopsarus and Triphoturus mexicanus), wax esters predominate in 
the lipid (Bakes et. al., 1995; Nevenzel et al., 1969; Phleger et. al., 1999; Rehbein et 
al., 1995). Although not all wax ester-rich fishes were investigated here, with the 
exception of orange roughy {Hoplostethus atlanticus), most of these deep-water 
species are not widely distributed and seldom marketed in quantity. On the other 
hand, oilfish and escolar are widely distributed in tropical and temperate seas, 
comparatively abundant and marketed as a result of their by-catch with tuna and 
swordfish (Tserpes et. al., 2006). Up to 400 tonnes of escolar are caught annually in 
Australia (Shadbolt et. al., 2002). In addition, those mentioned deep-water fishes, 
except oilfish and escolar, are small in size according to FishBase records 
(www.fishbase.org), thus reducing the likelihood that these fishes are substituted as 
cod steaks, which are usually larger. Oilfish and escolar are of comparable size to cod 
and sea bass, making them an ideal substitution. For deep-water species that have 
wax esters as their main lipid, the composition of wax esters are not identical in 
terms of carbon chain length and double bond number (Mori et. al., 1966; Nevenzel 
et. al., 1969; Reinhardt and Van-Vleet, 1986; Bakes et al., 1995; Phleger et. al, 
1999; Nichols et. al., 2001), thus, allowing differentiation of oilfish and escolar from 
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other wax ester-rich fishes by GC-MS. 
3.4.4. Recommendations 
A complete ban on import and selling of oilfish and escolar would ensure no 
mis-consumption of these species. A proper authentication method is definitely 
needed with this measure to check for substitution, misidentification and mislabeling. 
In countries where trading of oilfish and escolar is legal, labels should be 
accompanied by a warning sign indicating the potential adverse effects and providing 
guidelines for handling. 
Although not all wax ester-rich fish species were tested in this study, flirther 
purification of the wax esters (gempylotoxin) can be used as a standard marker for 
authentication of wax ester containing species. By running the samples to be tested 
together with the standard marker on the same TLC plate, the existence of 
undesirable wax esters can be detected and DNA analysis or GC-MS analysis can be 
performed later to confirm identity. The problem for regulating oilfish and escolar is 
that not all people who consume these fishes develop the symptoms. Individual 
differences in body sensitivities, health conditions, intake amounts and other factors 
may contribute to variations in susceptibility. From case reports, it is not possible to 
establish an intake level that may be considered safe from adverse effect (Alexander 
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et a l , 2004). The best way is to test for wax ester, as the presence of wax esters may 
be a sign for problems, and it is not recommended to serve any flesh that contains 
high levels of wax esters before a thorough inspection is done. TLC together with the 
standard marker presents a rapid way for routine inspection to safeguard the public. 
Besides wax ester poisoning, oilfish and escolar are common candidates for 
histamine poisoning, which has a greater affect than keriorrhea and can be 
life-threatening. Oilfish and escolar contain high levels of histidine in muscle 
(Feldman et al., 2005). If these fishes are inadequately refrigerated, bacteria can 
multiply and convert histidine into histamine, also termed scombrotoxin (FDA 
2001b). This conversion often happens when large numbers of unsold fish steaks 
were stocked over time to avoid food inspection in case of a related keriorrhea 
outbreak. The fish may re-appear later in markets, but at that time the steaks may be 
contaminated and not suitable for consumption. Scombrotoxin, like wax esters, is 
heat stable and is not destroyed by cooking; it can lead to cardiovascular, 
gastrointestinal and neurological symptoms (FDA 2001b; Feldman et al., 2005; 
Leask et al., 2004). Therefore, detection of wax esters could help prevent more 
severe food poisoning from happening once any keriorrhea outbreak is reported. 
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3.5. Conclusions 
Intentional or unintentional supply and sale of oilfish and escolar very often 
lead to episodes of unpleasant keriorrhea. Time is of the essence for rapid detection 
of these fishes rich in wax ester for food and health inspection agencies. Equally 
important for the seafood industry supply chain is a convenient measure to check for 
the two fishes. In routine food inspection of large numbers of fish samples, cost, 
speed and accuracy are important for species authentication. The TLC method 
described here is inexpensive and provides a reliable result within 30 minutes. This 
method can be performed routinely to check for substitution of fish products with 
either oilfish or escolar. In the case of keriorrhea resulting from consumption of 
mislabeled oilfish or escolar, the TLC method can be applied even on the residues of 
cooked samples as evidence for species identification. 
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Chapter 4. Widespread adulteration of crocodile 
meat with python and water monitor meats 
4.1. Introduction 
Crocodilians have long been killed for the skin trade worldwide (de Vos，1984; 
Luxmoore and Fernandez, 1997), and their meat is also consumed (Peplow et al., 
1990; Mitchell et ah, 1995). Demands for crocodile meat exist across continents 
including Asia, Africa, America, Australia and Europe (Bodger and Goulding, 2003; 
Hoffman et al.’ 2000; Nongtaodum, 2005): In China, meat of Chinese Alligator 
{Alligator sinensis) has been considered to be a health food for millennia (Chen et al., 
2003). Crocodile meat is still used as a nutraceutical or folk medicine to treat asthma 
and cough in the Orient and Southeast Asia (Maneenopphol, 1998; Ng et al., 2003). 
However, wild crocodilians are on the brink of extinction because of habitat 
destruction and over-exploitation (de Vos, 1984; Ross, 1998), and thus, all 
crocodilian species, except farm-raised stock, are listed in either Appendices I or II of 
the Convention on International Trade in Endangered Species of Wild Fauna and 
Flora (CITES). According to CITES, the import, export and possession of live, dead, 
parts，derivatives or manufactured products of crocodilian species are subject to strict 
control. 
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The limited supply of crocodile meat leads to deceptive substitution with 
cheaper meats from Python species (Wong et al., 2004), which are themselves listed 
in CITES and their trade is also regulated. Besides, other reptilian species，such as 
water monitors, are potential candidates for crocodile meat adulterants as there is 
significant trade on their skin as a cheaper substitute to the preferred but more 
expensive crocodilian skin (Luxmoore and Fernandez, 1997). Again, many Varanus 
species are listed in CITES as endangered species. 
Snake and lizard meats are not used for asthma treatment (Zhu et al., 2002; The 
Pharmacopoeia Editorial Committee, 2005), and thus, the replacement of crocodile 
meats with either snake or lizard meat might delay proper treatment of asthma. In 
addition, trade of these endangered reptilian species has contributed to severe 
depletion of biodiversity, and thus, the detection of illegal uses of protected species 
in food is crucial for conservation. Unfortunately, dried meat from these reptilian 
species looks so similar that morphological characteristics are not definitive. To 
investigate the extent of adulteration of crocodile meat in the markets and to enforce 
the trade laws, a reliable authentication method is needed. 
Previously, our group identified a crocodilian-specific SCAR marker for rapid 
authentication of crocodilian samples (Yau et al., 2002). However, this method 
cannot reveal the exact source species of the samples. In this study, four 
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mitochondrial DNA regions, including 12S rRNA gene, 16S rRNA gene, cytochrome 
b (cyt b) gene, and cytochrome c oxidase subunit I (coxl) gene, were applied to 
identify the source species of 24 dried crocodile meat samples collected by 
Consumer Council, Hong Kong. 
4.2. Materials and methods 
4.2.1. Samples and GenBank sequences 
Twenty-four dried crocodile meat samples were purchased by Consumer 
Council from 24 shops in Hong Kong (Table 4.1; Fig. 4.1). Five blood samples 
including Caiman crocodilus (CCOl), Crocodylus porosus (CPOl)，Crocodylus 
siamensis (CSOl), Varanus bengalensis (VBOl) and Varanus salvator (VSOl) were 
provided by Kadoorie Farm and Botanic Garden (KFBG)，Hong Kong (Table 4.2). 
Voucher specimens of the all samples were stored at -80°C in the Institute of Chinese 
Medicine, the Chinese University of Hong Kong. Additionally, mitochondrial 12S 
rRNA gene, 16S rRNA gene, cytochrome b gene, and cytochrome oxidase subunit I 
(coxl) gene sequences of 12 crocodile species, 19 water monitor species and six 
python snake species available in GenBank (62 sequences in total) were included in 
the analyses (Table 4.3). An amphibian (Ram amurensis) was used as the outgroup. 
7 8 
Table 4.1. Dried crocodile meat samples and their identities based on DNA analysis 
No. Voucher Codes Identities inferred from 
DNA sequence analysis 
1 cma31 Alligator mississippiensis 
2 cma32 Crocodylus siamensis 
3 cma33 Crocodylus siamensis 
4 cma34 Python reticulatus 
5 cma35 Python curtus 
6 cma36 Varanus salvator 
7 cma37 Crocodylus siamensis 
8 cma38 Varanus salvator 
9 cma39 Varanus salvator 
10 cma40 Crocodylus siamensis 
11 cma41 Varanus salvator 
12 cmbSl Varanus salvator 
13 cmb52 Varanus salvator 
14 cmb53 Varanus salvator 
15 cmb54 Varanus salvator 
16 cmb55 Varanus salvator 
17 cmb56 Varanus salvator 
18 cmb57 Crocodylus siamensis 
19 cmb58 Varanus salvator 
20 cmb59 Varanus salvator 
cmc71a Crocodylus siamensis 
cmc71 b Python reticulatus 
22 cmd81 Crocodylus siamensis 
23 cmd82 Varanus salvator 
2 4 cmd83 Varanus salvator 
Table 4.2. Blood samples from Kadoorie Farm and Botanic Garden (KFBG) 
No. Voucher Codes Species names 
1 CCOl Caiman crocodilus 
2 CPOl Crocodylus porosus 
3 CSOl Crocodylus siamensis 
4 VBOl Varanus bengalensis 
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4.2.2. DNA analysis 
4.2.2.1. Extraction of DNA from meats 
400//I of extraction buffer [200mM Tris-HCl (pH 8.0), 200mM NaCl, 25mM 
EDTA, 0.5% SDS] and proteinase K(10mg/ml) were added to 0.5g of meat. The 
sample was cut into fine pieces. The solution was mixed and incubated at 37�C for 
Ih. 400//I of 2X CTAB solution [2% CTAB (w/v), lOOmM Tris-HCl (pH 8.0), 
20mM EDTA (pH 8.0), 1.4 M NaCl, 1% PVP (polyvinylpyrrolidone), Mr 40,000] 
was added and mixed gently. Proteins and lipids were extracted using equal volume 
of chloroform: isoamyl alcohol (24:1) with 5% phenol. After centrifiigation at 13,200 
X g for 10 min, the aqueous phase was transferred to a microcentrifuge tube. The 
extraction process was repeated with an equal volume of chloroform:isoamyl alcohol 
(24:1). Then 2/3 volume of isopropanol was added to the aqueous phase and the 
solution was mixed gently and incubated at room temperature for 10 min. The 
solution was spun at 13,200 x g for 10 min and the pellet washed with 70% ethanol. 
The supernatant was discarded and the pellet was dried at 60�C for 10 min. DNA was 
resuspended in 30 //1 double distilled water and stored at -20°C. 
4.2.2.2. Polymerase chain reaction and DNA sequencing 
Polymerase chain reaction of the mitochondrial 12S rRNA gene, 16S rRNA gene, 
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cytochrome b gene, and coxl gene was performed in a 25 //1 reaction containing Ing 
DNA, Ix Taq buffer [75mM Tris-HCl (pH 8.8), 20mM (NH4 SO4, 0.01% Tween 
20], O.lmM dNTPs, 1 unit of Taq polymerase and 1 // M of primers. The sequences 
of primers used for amplification were 12L1 (5'AAA AAG CTT CAA ACT GGG 
ATT AGA TAG CCC 3') and 12H1 (5TGA CTG CAG CAG AGG GTG ACG GGC 
GGT GTG T 3') for 12S rRNA fragment, 16L1 (5'CTG ACC GTG CAA AGG TAG 
CGT AAT CAC T 3') and 16H1 (5'CTC CGG TCT GAA CTC AGA TCA CGT AGG 
3') for 16S rRNA fragment (Hedges, 1994), L14841 (5'ATC CAA CAT CTC AGC 
ATG ATG AAA 3') and HI5149b (5'CCC CTC AGA ATG ATA TTT GTC TCA 3') 
for cytochrome b fragment (Kocher et al., 1989), and FishFl (5TCA ACC AAC 
ACA AAG ACA TTG GCA C 3') and FishRl (5TAG ACT TCT GGG TGG CCA 
AAG AAT CA 3') for coxl gene (Ward et al., 2005). The primers flanked sites 
1087-1478 for 12L1/12H1, sites 2607-3055 for 16L1/16H1，and sites 14841-15149 
with reference to human mitochondrial genome (Hedges, 1994, Kocher et al., 1989). 
Initial template denaturation temperature was 95°C for 5 min, followed by 5 cycles 
of denaturation at 95�C for 1 min, annealing at 4 0 � C for 1 min, and extension at 
72°C for 1 min and then, 35 cycles of denaturation at 95°C for 1 min, annealing at 
50°C for 1 min, and extension at 72�C for 1 min, and 1 cycle of 72�C for 5 min at 
last. 
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The PGR products were purified from TAE (Tris-acetate-EDTA) agarose gels 
using VIOGENE Gel-M哪 Gel Extraction System (Cat. No.: EG1002) following the 
manufacturer's directions. The purified DNA was sequenced by Sanger's Dideoxy 
method using an ABB 100 DNA sequencer following the manufacturer's directions. 
4.2.2.3. Sequence analysis 
Alignments of the mitochondrial 12S rRNA gene, 16S rRNA gene, cytochrome 
b gene and coxl gene were accomplished with the computer program ClustalX 
(Thompson et al., 1997) with manual adjustments based on preconceived ideas about 
phylogenetic relationships (Mindell, 1991). Neighbor-joining (NJ; Saitou & Nei, 
1987) tree searches were conducted for each data set using 1000 
tree-bisection-reconnection (TBR) searches in PAUP* 4.0b 10 (Swofford, 2001). 
Confidence in the groupings was assessed using the bootstrap, with 1000 replications 
(Felsenstein, 1985). 
4.3. Results 
PCR amplifications of the four mitochondrial DNA regions were successful for 
all 24 dried crocodile meat samples and the five KFBG blood samples. The read 
lengths for mitochondrial 12S rRNA gene, 16S rRNA gene, cytochrome b gene and 
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coxl gene were about 450bp, 500bp, 350bp and 650bp long respectively. 
Mitochondrial DNA sequences of the authentic samples (20 in total) were deposited 
in GenBank with accession numbers ranging from EU621799 to EU621818; they 
were also listed in Appendices 6-9. These sequences, together with 62 sequences 
downloaded from GenBank, were used to construct four neighbor-joining (NJ) trees. 
An amphibian species {Rana amurensis) was included as an outgroup (Figs. 4.2-4.5). 
Although there were slight differences in the topology, the four NJ trees 
displayed well-resolved (supported by high bootstrap values at the branches) 
groupings of the three reptilians into crocodile, Varanus and Python clades. All NJ 
trees clearly revealed that two samples retailed as "dried crocodile meat" actually 
came from Python (cma34 & cma 35) and another 14 samples from Varanus (cma36, 
cma38, cma39, cma41, cmb51, cmb52, cmb53, cmb54, cmb55, cmb56, cmb58, 
cmb59, cmd82 and cmd83) as they were well-clustered into the Python and Varanus 
groups, respectively. Two species of Python, P. reticulatus and P. curtus, were 
identified, while all the Varanus samples came from V. salvator. Among the eight 
genuine crocodile meat samples, one (cma31) was identified as Alligator 
mississippiensis while seven samples (cma32, cma33, cma37, cma40, cmb57, cmb71, 
cmdSl) were Crocodylus siamensis. Moreover, sample cmb71 was found mixed with 
Python meat, which was later labeled as cmb71b, while the original crocodile meat 
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was labeled as cmb71a. The same results were further confirmed by the similarity 
matrixes (Appendices 16-19), it was revealed that samples identified as Crocodylus 
siamensis had 100.0% similarity to the authentic C. siamensis sample (CSOl) and 
99.0-99.6% similarity to the C. siamensis sequences available in GenBank, while the 
sample identified as Alligator mississippiensis had 99.3-100.0% similarity to the two 
儿 mississippiensis sequences available in GenBank. Other adulterants, including 
samples revealed as Varanus or Python, had much lower similarity to the sequences 
of Crocodile group, ranging from 19.6-78.4%. Therefore, DNA sequences can be 
used to differentiate Crocodilian species from Varanus and Python. 
In this study, five reptilian species, including Alligator mississippiensis, 
Crocodylus siamensis, Varanus salvator. Python reticulatus and P. curtus, were 
identified as the source species for the 24 crocodile meat samples. All of them are 
listed in Appendices I or II of CITES, and their trade is subject to strict control. 
In short, nearly 70% (16/24) of the marketed crocodile meat samples were 
mislabelled, with V. salvator being the most frequent adulterant (14/24). Even 
genuine crocodile meat could be mixed with other substitutes, in this case Python, as 
in one sample (cmc71). In addition, all of the source species sold as dried crocodile 
meat, either genuine or mislabelled, are listed as endangered reptilian in CITES. 
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Varanus komodoensis AB080275 
Varanus salvadorii AF004510 
87 Varanus varius AF004518 
Varanus prasinus AF004508 
Varanus olivaceus AF004504 
Varanus indicus AF004494 
100「Varanus niloticus AB185327 
^ Varanus niloticus AF004502 
Varanus albigulahs AF004480 _ 
… 厂 Python reticulatus Z46448 \ ‘ 99 I r cmc71b [>P. reticulatus 
1100 L cnm34 J § 
77 Python regius ABl 77878 ^ 
[72 r Python molurus AF236682 § 
154 厂 cma35 ^ 雾 
~ ^ Python curtus AF368060 》P. curtus 」 
99 厂 Caiman crocodilus AJ404872 _ 
120 Caiman crocodilus NC_002744 
CCOl Caiman crocodilus 
7 6「C r o c o d y l u s porosus AJ810453 
lOOj Crocodylus porosus NC_008143 
CPOl Crocodylus porosus 
87 厂 Crocodylus niloticus NC_008142 
「^ Crocodylus niloticus AJ810452 
Crocodylus acutus U59670 
98 厂 Crocodylus siamensis EF581859 〕 
—cma32 g. 
严 一 cnia33 97 — cma37 会 
cma40 C. siamensis "g 
—cnib57 B 
严 -cmc71a ^ 
—cmdSl 
^ CSOl Crocodylus siamensis 
54 Crocodylus johnsoni A Y195942 
Crocodylus cataphractus A Y 195941 
1 ⑴厂 Alligator mississippiensis NC_001922 ^ 
f Alligator mississippiensis Y13113 > A. mississippiensis 
L cma31 J 
.100 厂 Alligator sinensis AF511507 
^ AlHgator sinensis NC_004448 . 
Fig. 4.2. Neighbor-joining tree of mitochondrial 12S rRNA gene sequences 
(bootstrap values less than 50 are not shown). Codes refer to Tables 4.1 and 4.2. 
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r Caiman crocodilus NC 002744 
I IQQ — 
Caiman crocodilus AJ404872 
CCOl Caiman crocodilus 
f Crocodylus intermedins A Y239146 
^ Crocodylus rhombifer A Y239145 
[89「Crocodylus niloticus NC_008142 
. 1 0 0 ^ Crocodylus niloticus AJ810452 
94 f Crocodylus porosus NC-008143 cj 
J^f^- Crocodylus porosus AJ810453 ， 
CPOl Crocodylus porosus _ 
严 「cim32 ^ 
—cma33 
—cma37 
70 — cma40 
.100 _ CSOl Crocodylus siamensis C. siamensis 
[lOO - cmb57 
—cmc71a 
^ cmdSl 
^ Crocodylus siamensis EF581859 J 
Crocodylus cataphractus A Y239147 _ 
Fig. 4.3. Neighbor-joining tree of mitochondrial 16S rRNA gene sequences 
(bootstrap values less than 50 are not shown). Codes refer to Tables 4.1 and 4.2. 
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100 — cma34 ^ 
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[ l O O �P y t h o n timoriensis AF241398 
^ Python timoriensis U69864 
Python sebae U69863 _ 
100「Alligator mississippiensis NC_001922 〕 _ 
Alligator mississippiensis Y13113 >A mississippiensis ^ ^ cmaJl J 
[lOO�Alligator sinensis AF5 11507 
——— ^ Alligator sinensis NC_004448 
78 厂 Caiman crocodilus NC_002744 
~ L Caiman crocodilus AJ404872 
CCOl Caiman crocodilus 
100 厂 Crocodylus niloticus NC_008142 
^ Crocodylus niloticus AJ810452 
86 「Crocodylus moreletii EU034585 
^ Crocodylus moreletii EU034584 
Crocodylus acutus EU034582 
^ ~^ Crocodylus acutus AF159029 • 
[74「Crocodylus intermedius A Y239160 ^ 
^ ^ Crocodylus intermedius EU034581 r^ 
Crocodylus rhombifer A Y239159 1 
90 厂 Crocodylus porosus NC_008143 ^ 
J ^ ^ Crocodylus porosus AJ810453 
CPOl Crocodylus porosus 
厂 cma32 \ 
— cma33 
65 — cma40 
—cmb57 C. siamensis 
jlOO — cmc71a 
—CSOl Crocodylus siamensis 
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Crocodylus siamensis EF581859 J 
Crocodylus cataphractus A Y239161 _ 
Fig. 4.4. Neighbor-joining tree of mitochondrial cytochrome b gene sequences 
(bootstrap values less than 50 are not shown). Codes refer to Tables 4.1 and 4.2. 
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Fig. 4.5. Neighbor-joining tree of mitochondrial cytochrome oxidase subunit I (coxl) 
gene sequences (bootstrap values less than 50 are not shown). Codes refer to 
Tables 4.1 and 4.2. 
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4.4. Discussion 
4.4.1. Widespread adulteration 
Morphological characteristics of dried meat are not definitive in species 
identification. Chemical methods using unique markers may facilitate rapid 
identification of adulterants in meat samples, as in the detection of oilfish and escolar 
in claimed codfish steaks (Ling et al., 2008). However, similarity in meat protein 
composition amongst these reptilian species makes the use of chemical methods 
unhelpful (Peplow et al., 1990; Chen et al., 1994; Mitchell et al., 1995; Wang and 
Xie, 1997; Hoffman et al., 2000; Bodger and Goulding, 2003; Li et al., 2003). 
Previously, our group identified a crocodilian-specific SCAR marker for rapid 
authentication of crocodilian samples from non-crocodilian species (Yau et al., 2002); 
however, it cannot identify the source to an exact species, which is very important in 
trade law enforcement. In this study, four mitochondrial DNA regions succeeded in 
revealing the exact source species of the 24 meat samples. 
Our results revealed that nearly 70% of the samples were mislabelled and all the 
adulterants were CITES-listed endangered species. It is, indeed, an alarming finding, 
and should serve as a wake-up call to food safety agency to adulteration problem in 
the market. Selling both faked and endangered animal products contravenes both the 
Trade Descriptions Ordinance (Cap. 362) and Protection of Endangered Species of 
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Animals and Plants Ordinance (Cap. 586) in Hong Kong. Three people were arrested 
in this incidence (Chong, 2007). 
4.4.2. Chinese food safety challenges 
Rapid growth of the Chinese food industry and competitive prices make China a 
major supplier in the global food chain by accounting for one-third of the world's 
production of horticultural products and about 4.1% of global agricultural trade 
(Carter & Gimning-Trant, 2006); indeed, China is expected to become a significant 
food exporter in the world (Carter & Li, 2005). In 2006, China was the third leading 
foreign food supplier to the U.S. in terms of seafood and agricultural products 
(Becker, 2007). Meanwhile, China has replaced the U.S. as the main source of EU 
imports of foods and other products (Xenellis & Pongas, 2008). However, a series of 
recent incidents have raised safety concerns over China's food products. For example, 
adulterated pet food from China was incriminated as the cause for deaths of many 
dogs and cats in the U.S. (Becker, 2007). 
Crocodile meat is commonly used in China as folk medicine to treat asthma 
(Chen et al, 2003), and demand for crocodile meat exist across continents (Bodger 
and Goulding, 2003; Hoffman et al” 2000; Nongtaodum, 2005). Although the 
clinical value remains to be confirmed, crocodile meat is still used by asthma patients 
9 7 
as a remedy (Ng et al, 2003). Indeed, an animal study did show that mice reared 
with crocodile meat exhibited a longer average swimming time and a shorter average 
time to complete the maze test than those in the control group fed with pork (Wang et 
al., 1998). The favorable nutrition contents of crocodile meat make it a high value 
product that is marketed as a health exotic meat (Hoffman et al., 2000). 
In Chinese medicine, snake meat is used to relieve rheumatoid pain (The 
Pharmacopoeia Editorial Committee, 2005), and consumed as bush meat in some 
countries (de Merode et al., 2004). Snake meat is generally safe to consume, yet 
cases of allergies have been reported and mis-consumption could be fatal (Zou, 
1997). Lizard meat is used in Chinese medicine for epilepsy and tuberculosis, but not 
for asthma (Zhu et al., 2002). Therefore, the replacement of crocodile meat with 
either snake or lizard meats might delay proper treatment of asthma. 
China has shown much determination to tackle the food safety problem by 
updating food law and employing HACCP standards to six types of processed foods, 
including meat and meat products (Becker, 2007). China is taking positive actions 
towards this goal (Becker, 2007); however, any policy needs convenient and reliable 
protocols to facilitate enforcement: molecular techniques can be incorporated into the 
routine food inspection so as to contribute to the global food safety for which the 
China is now striving. Our study demonstrated how the use of molecular techniques 
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can be applied to meat product authentication to ensure they meet food export 
standard. 
4.4.3. Wildlife trade and conservation 
All crocodilian species, except farm-raised stock, are listed in either Appendices 
I or II in CITES. Therefore, various crocodilian species are bred and harvested for 
their valuable skins and meats, including Alligator mississippiensis, Crocodylus 
johnstoni, C nUoticus, C. novaeguineae, C porosus and C siamensis (Masser, 1993, 
Mitchell et al, 1995, Peucker, 1998, Hoffman et al., 2000, SCWG, 2004, Pozio et al., 
2004, Nongtaodum et al., 2005). However, permits are still needed for selling meat 
of all of these crocodile species. In this study, the most frequent source for crocodile 
meat was from Crocodylus siamensis, which is also listed in the Red List of 
Threatened Species of the International Union for the Conservation of Nature and 
Natural Resources (lUCN, 2007) as a critically endangered species. 
Meanwhile, all Python species (except one in Appendix I) and all Varanus 
species (except five in Appendix I), are listed in Appendix II of CITES. Varanus 
salvator, which is the most frequent source of mislabelled crocodile meat as found in 
this study, is also listed as a Grade I state protected species in the Catalogue of Wild 
Animals under Special Protection in China (Zhao, 1999). 
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The exact species identification is very important in CITES trade law 
enforcement. The penalties for illegal possession of a specimen in Appendix I are 
much higher than that for an Appendix II specimen, and the use of molecular 
authentication is the only definitive method to accurately determine the meat samples 
to species level before taking legal action. 
4.5. Conclusions 
An alarming percentage of mislabelled crocodile meat was revealed in the 
market by DNA sequencing technique. All of the adulterants were identified as 
endangered species from either Python or Varanus species. As the popularity of 
Chinese food is increasing with China's surging food exports, China's food problems 
are likely becoming the world's problems. Our study presented a feasible way to 
apply DNA sequencing in tackling the issues of food safety and conservation. 
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Chapter 5_ Authentication of dried and 
ready-to-eat hashima products 
5.1. Introduction 
According to the Pharmacopoeia of the People's Republic China (2005 edition), 
hashima 哈士模(also known as hamayou 哈模油 or Oviductus Ranae) is the dried 
oviduct of female Chinese brown frog {Rana temporaria chensinensis David). 
Hashima is a premium tonic, which costs up to US$1,500 per kg, and it has been 
used in Chinese medicine for centuries (Jiang, 2006). Previous studies reported that 
hashima exhibited various therapeutical functions, including immunity boosting (Gao, 
1996; Zhang, 2004), anti-aging (Jin et al., 2002; Li et al., 2004; Ma et al., 2006) and 
anti-hyperlipemia (Li et al., 1994). It was revealed that mice fed on hashima swam 
significantly longer than the control group as a result of the anti-fatigue effect of 
hashima (Cui & Hu，2005). Chemical analyses proved that hashima contained large 
amounts of essential amino acids, unsaturated fatty acids and important trace 
elements (Hu et al., 2003; Wang et al., 2003; Wang, 2006). Hashima is also rich in 
vitamin E and estradiol, which are important precursors for various hormones in 
humans (Chen et al., 2005). 
The reputed values of hashima have made it a popular nutraceutical and 
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functional food. The drawback is that Chinese brown frog is threatened, and thus it is 
listed in the China Red Data Book of Endangered Animals (Zhao, 1998). The limited 
supply, yet huge demand, has encouraged substitution with oviducts from other frogs 
or toads (Yang et al, 2002; Jiang, 2006). Therefore, authentication is needed to 
check for substitution and adulteration. 
Brown frogs (also called wood frog or frost frog) are characterized by the 
possession of a prominent dorsolateral fold and dark temporal mask, and absence of 
horizontal grooves at the digital tips (Liu & Hu, 1961). There are about 40 brown 
frog species widely distributed in Eurasia (Frost，2007) and their identification are 
notoriously difficult because of similar morphology (Che et al, 2007a). It is almost 
impossible to identify dried oviducts to species level simply by morphological 
analysis. In the Chinese Pharmacopoeia (2005), swelling capacity is used to check 
for adulteration. Swelling capacity is calculated by the expansion rate of an oviduct 
in water. A genuine product should display an expansion more than 55 (The 
Pharmacopoeia Editorial Committee, 2005). It was, however, revealed that some 
adulterants could also pass the swelling test whereas water temperature, soaking 
duration, and individual differences could all contribute to the vast variation in 
swelling capacity (Yang et al., 2002; Jiang, 2006). Protein-based gel electrophoresis 
was also used to identify frog oviducts of different frog and toad species (Yan, 1997; 
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Fu et al, 2001; Shui et al, 2004), but such results were not satisfactory because they 
could not differentiate closely related species. Moreover, swelling test and 
protein-based methods cannot be applied to ready-to-eat hashima products, in which 
the oviduct is well-expanded and proteins are denatured during processing. In this 
study, molecular analysis was applied to identify the source species from marketed 
hashima products so as to check for adulteration, which may affect the proper use of 
this healthcare food and monitor the utilization of this endangered species. 
5.2. Source species of hashima 
Although hashima has a long history of use in China, different authorities have 
recognized different brown frog species or subspecies as the source for genuine 
hashima (Dictionary of Chinese Materia Medica Editorial Committee, 1977; 
Standardization Administration of the People's Republic of China, 2004; The 
Pharmacopoeia Editorial Committee, 2005; Jiang, 2006). 
In 1873, Armand David was appointed to build a church at Laoyu, Shanxi, 
China. He found some frogs there and recognized them as a new species, Rana 
chensinensis David (中國林虫圭）(David, 1875). It was the first time Chinese brown 
frog was recorded in literature. However, Pope and Boring (1940) later suggested 
that the Chinese brown frog should be a subspecies of Rana temporaria L. (European 
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brown frog 歐洲林娃)’ and reduced it to Rana temporaria chensinensis Boring (歐 
洲林娃中國亞種）.Since then the species name Rana temporaria chensinensis is 
used to describe the Chinese brown frog widely distributed in China, from Sichuan 
(southern China) all the way to Heilongjiang (northeastern China). Although Liu and 
Hu (1961) suspected that the widely distributed Chinese brown frog is not a single 
species, but represented three species of frogs, they provided no data to support their 
claim. The Chinese Pharmacopoeia, starting from 1985, used Rana temporaria 
chensinensis as the species name for the source of hashima. 
However, Wu (1981) found that Chinese brown frog and European brown frog 
had different chromosome numbers, 2n=24 and 2n=26, respectively. He concluded 
that Chinese brown frog is significantly different from European brown frog, and 
thus Chinese brown frog should be a species on its own, that is Rana chensinensis 
David. Wei and Chen (1990), based on morphology, karyotype and allozyme 
analyses, lumped the frogs distributed in northern China under Chinese brown frog 
(Rana chensinensis) and subdivide them into four subspecies: Rana chensinensis 
chensinensis (中國林娃指名亞種)，Rana chensinensis lanzhouensis (中國林娃蘭 
州亞種），Rana chensinensis kangdingensis (中國林虫圭康定亞種）and Rana 
chensinensis changbaishanensis (中國林娃長白山亞種）.Amongst the four Rana 
chensinensis subspecies, the last one, Rana chensinensis changbaishanensis has the 
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largest oviducts (Li et al, 2003). 
The first detailed record of hashima, Siku Quanshu (variously translated as the 
Imperial Collection of Four or Emperor's Four Treasuries 四庫全書)，mentioned that 
the source location of hashima frogs was northeastern China, where Rana 
chensinensis changbaishanensis is found (Li et al, 2003; Jiang et al., 2006). 
Therefore, Standardization Administration of the People's Republic of China, 
General Administration of Quality Supervision, Inspection and Quarantine of the 
People's Republic of China (中華人民共和國國家質量監督檢驗檢疫總局，中國 
國家標準化管理委員會） i s s u e d the “Product of designations of origin or 
geographical indication—Jilin changbaishan forest frogs oviduct" (GB/Tl9507-2004) 
《原產地域產品—吉林長白山中國林娃油國家標準》（hereafter know as Chinese 
Standardization Administration designation) in 2004，and recognized only Rana 
chensinensis changbaishanensis as the standard source of hashima. 
Xie et al (1999), however, suggested that the northeastern China population of 
Rana chensinensis, that is Rana chensinensis changbaishanensis, is not a subspecies 
but a new brown frog species record in China called Rana dybowskii Gunther (東 j匕 
林虫圭)，which was described by Gunther (1987) based on a type specimens collected 
in Russia. Moreover, Xie et al. (2000) argued that two Rana chensinensis subspecies 
proposed by Wei and Chen (1990) should be Rana kukunoris Nikolskii. Thus, Rana 
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chensinensis, which was once believed to be widely distributed, is actually a 
collection of at least three species. Further analyses by Li et al (2005) concluded that 
Rana chensinensis is found only in central China. On the other hand, Rana dybowskii 
is the species growing in northern China (Li et al., 2005). Recently, these suggestions 
were further supported by mitochondrial 12S and 16S rRNA sequences (Che et al., 
2007a). 
After decades of studies, it is now clear that the widely distributed Rana 
temporaria chensinensis as used in Chinese Pharmacopoeia and the northeastern 
Chinese brown frog population Rana chensinensis changbaishanensis as used by 
Chinese Standardization Administration designation are actually a different species 
called Rana dybowskii. The old species names used in the Chinese Pharmacopoeia 
and Chinese Standardization Administration designation are misleading. The source 
frog species of hashima should be Rana dybowskii (Northeastern brown frog) 
5.3. Materials and methods 
5.3.1. Samples and GenBank sequences 
Fifteen live brown frog specimens, including five Rana amurensis, five R. 
dybowskii and five R. huanrenensis, were collected from northeastern China (Table 
5.2; Fig. 5.3). Live specimens of one R. catesbeiana (North American bullfrog, 
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edible bullfrog) and one Hoplobatrachus rugulosus (tiger frog, Chinese edible frog) 
were purchased from markets (Table 5.2; Fig. 5.3). Ten hashima products, including 
eight dried hashima and two ready-to-eat hashima, were purchased in China and 
Hong Kong (Table 5.1; Figs. 5.1-5.2). Voucher specimens of the all live samples 
were stored at -80�C in the Institute of Chinese Medicine, the Chinese University of 
Hong Kong. 
Additionally, 21 mitochondrial 16S rRNA gene sequences of 17 frog species, 
including 14 Rana species, one Bufo species, one Hoplobatrachus species and one 
Xenopus species, that were available in GenBank were included in the analyses 
(Table 5.3). 
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Table 5.1. Codes for ten hashima products and commodity names 
Codes Commodity names 
HMl Dried hashima 
HM2 Dried hashima 
HM3 Dried hashima 
HM4 Ready-to-eat hashima 
HM5 Dried hashima 
HM6 Dried hashima 
HM7 Dried hashima 
HM8 Dried hashima 
HM9 Dried hashima 
HM10 Ready-to-eat hashima 
Table 5.2. Codes for 17 authentic live frog samples 
Codes Species names 
HRul Hoplobatrachus rugulosus 
RAml Rana amurensis 
RAm2 Rana amurensis 
RAm3 Rana amurensis 
RAm4 Rana amurensis 
RAm5 Rana amurensis 
RCal Rana catesbeiana 
RDyl Rana dybowskii 
RDy2 Rana dybowskii 
RDy3 Rana dybowskii 
RDy4 Rana dybowskii 
RDy5 Rana dybowskii 
RHul Rana huanrenensis 
RHu2 Rana huanrenensis 
RHu3 Rana huanrenensis 
RHu4 Rana huanrenensis 
RHu5 Rana huanrenensis 
108 
Table 5.3. Twenty-one mitochondrial 16S rRNA gene sequences from 17 frog species 
downloaded from GenBank 
Species names Accession no. 
1- Bufo gargarizans AF315131 
2. Hoplobatrachus rugulosus DQ458250 
S. Rana amurensis DQ289110 
4. Rana catesbeiana DQ289127 
5. Rana chaochiaoensis DQ289106 
6. Rana chensinensis AB058871 
7. Rana chensinensis AF315132 
8. Rana chensinensis DQ289113 
9. Rana chensinensis DQ289117 
10. Rana chensinensis DQ289118 
11. Rana dybowskii DQ289123 
12. Rana huanrenensis DQ289122 
13. Rana kunyuensis DQ289111 
14. Rana longicrus AB058881 
15. Rana nigromaculata DQ359991 
16. Rana omeimontis DQ289108 
17. Rana plancyi NC 009264 
18. Rana sauteri AB211495 
19. Rana zhengi DQ289103 
20. Rana zhenhaiensis AY322279 
21. Xenopus laevis AY581644 
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Fig. 5.1. Photos of dried hashima products (Codes refering to Table 5.1) 
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B) HM4 (back) 
成份：水、冰糖、雪給裔、雪耳、椰禁（本木堅果） 
Ingredients: Water, Crystal Sugar. Frogb Oviduct, 
White Fungus. Coconut Milk{tree nut) 
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C) HM4 (ingredients) 
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D) HMIQ (front) E) HMIQ (back) 
%表：水J辅米、雪給奢、_、淀粉；椰汁:纯椰浆、水 
；iD|f(iieflts:Water, Black glutinous rice, Forest frog's 
Starch 
Coconut juice: Pure coconut thick liquid, water 
F) HMIQ (ingredients) 
Fig. 5.2. Photos of ready-to-eat hashima products (Codes refering to Table 5.1) 
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5.3.2. DNA analysis 
5.3.2.1. DNA extraction 
400 jLi 1 of extraction buffer [200mM Tris-HCl (pH 8.0), 200mM NaCl, 25mM 
EDTA, 0.5% SDS] and proteinase K (lOmg/ml) were added to 0.5g of meat. The 
sample was cut into fine pieces. The solution was mixed and incubated at 37�C for 
Ih. 400 A1 of 2X CTAB solution [2% CTAB (w/v), lOOmM Tris-HCl (pH 8.0), 
20mM EDTA (pH 8.0), 1.4 M NaCl, 1% PVP (polyvinylpyrrolidone), Mr 40,000] 
was added and mixed gently. Proteins and lipids were extracted using an equal 
volume of chloroform: isoamyl alcohol (24:1) with 5% phenol. After centriftigation 
at 13,200 X g for 10 min, the aqueous phase was transferred to a microcentrifuge tube. 
The extraction process was repeated with an equal volume of chloroform:isoamyl 
alcohol (24:1). Then 2/3 volume of isopropanol was added to the aqueous phase and 
the solution was mixed gently and incubated at room temperature for 10 min. The 
solution was spun at 13,200 x g for 10 min and the pellet washed with 70% ethanol. 
The supernatant was discarded and the pellet was dried at 60°C for 10 min. DNA was 
resuspended in 30 //1 double distilled water and stored at -20°C. 
5.3.2.2. Polymerase chain reaction and DNA sequencing 
Polymerase chain reaction of the mitochondrial 16S rRNA gene was performed 
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in a 25//I reaction containing Ing DNA, Ix Taq buffer [75mM Tris-HCl (pH 8.8), 
20mM (NH4)2 SO4, 0.01% Tween 20], 0.1 mM dNTPs, 1 unit of Taq polymerase 
and 1 / /M of primers. The sequences of primers used for amplification were 16L1 
(5'CTG ACC GTG CAA AGG TAG CGT AAT CAC T 3') and 16H1 (5'CTC CGG 
TCT GAA CTC AGA TCA CGT AGG 3') for 16S rRNA fragment (Hedges, 1994). 
The primers flanked sites 2607-3055 for 16L1/16H1 with reference to human 
mitochondrial genome (Hedges, 1994). Initial template denaturation temperature was 
95°C for 5 min, followed by 5 cycles of denaturation at 95°C for 1 min, annealing at 
40°C for 1 min, and extension at 72°C for 1 min and then, 35 cycles of denaturation 
at 95°C for 1 min, annealing at 50°C for 1 min, and extension at 72°C for 1 min, and 
1 cycle of 72°C for 5 min at last. 
The PGR products were purified from TAE (Tris-acetate-EDTA) agarose gels 
using VIOGENE Gel-M^^ Gel Extraction System (Cat. No.: EG1002) following the 
manufacturer's directions. The purified DNA was sequenced by Sanger's Dideoxy 
method using an ABB 100 DNA sequencer following the manufacturer's directions. 
5.3.2.3. Sequence analysis 
Alignments of the mitochondrial 16S rRNA gene were accomplished with the 
computer program ClustalX with manual adjustments (Thompson et al., 1997) with 
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manual adjustments based on preconceived ideas about phylogenetic relationships 
(Mindell, 1991). Gap characters were scored using the simple indel coding method as 
implemented in SeqState version 1.4 (Simmons & Ochoterena 2000; Miiller, 2005, 
2006). Neighbor-joining (NJ; Saitou & Nei, 1987) tree searches were conducted for 
each data set using 1000 tree-bisection-reconnection (TBR) searches in PAUP* 
4.0bl0 (Swofford, 2001). Confidence in the groupings was assessed using the 
bootstrap, with 1000 replications (Felsenstein, 1985). 
5.4. Results 
PGR amplifications of the mitochondrial 16S rRNA gene were successful for all 
17 live frog specimens and ten hashima products (eight dried and two ready-to-eat 
samples). The read length was about 500bp. The DNA sequences of the 17 live frog 
specimens are listed in Appendix 10. These sequences, together with 21 sequences 
downloaded from GenBank, were used to construct a neighbor-joining (NJ) tree with 
Xenopus laevis designated as the outgroup (Fig. 5.4). 
The NJ tree (Fig. 5.4) clearly revealed that six of the eight dried hashima 
samples (HMl, HM2, HM3, HM6, HM8 and H9) clustered with Rana dybowskii, 
which is the genuine hashima frog. One dried sample (HM7) was R. amurensis 
(Heilongjiang brown frog), which is a common substitute, whereas one dried sample 
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(HM5) clustered well into the brown frog group remained as an unidentified species. 
The two ready-to-eat samples (HM4 and HMIO) were matched with R. catesbeiana, 
which is an adulterant significantly different from other brown frog species. However, 
no hashima dervied from R. chensinensis in this study. The same results were further 
confirmed by the similarity matrix (Appendix 20), it was revealed that intraspecific 
similarity within Rana dybowskii, R. amurensis and R, catesbeiana were 100.0%, 
99.7-100.0% and 99.7% respectively. On the contrary, the similarity between Rana 
dybowskii, R. amurensis and R. catesbeiana to other tested frog species were 
78.9-96.0%, 79.6-95.5% and 81.2-91.5%. Six dried hashima samples had 100.0% 
similarity to the authentic R. dybowskii samples, while one dried sample had 
99.7-100.0% similarity to authentic R. amurensis samples. For the two ready-to-eat 
hashima samples, they had 99.5-100.0% similarity to the R. catesbeiana samples. 
There are 13 brown frog species in China (Li et al., 2005; Lu & Li, 2005), 11 of 
which were included in the NJ tree, and they were all well-clustered into a single 
group. The species with 24 chromosomes, including R. dybowskii, R. huanrenensis 
and R. chensinensis, clustered together and separated from brown frog species with 
26 chromosomes (Fig. 5.4). 
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Fig. 5.4. Neighbor-joining tree of mitochondrial 16S rRNA gene sequences with 
codes refering to Table 5.1 (bootstrap values > 50 are shown). * Following 
chromosome number groupings by Che et al (2007a). 
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5.5. Discussion 
5.5.1. Species identification in dried hashima 
If the Chinese Pharmacopoeia (2005 edition) or the Chinese Standardization 
Administration (2004) standards are applied, all hashima samples would be 
considered adulterants because Chinese brown frog {Rana chensinensis), either 
called Rana temporaria chensinensis or Rana chensinensis changbaishanensis, was 
not detected. However, as discussed in section 5.2, the genuine hashima frog should 
be R. dybowskii (Northeastern brown frog), and thus, 75% of the dried samples were 
genuine. Rana amurensis was detected in one sample (HM7). It was considered as 
one of the two sources for hashima in the past (Dictionary of Chinese Materia 
Medica Editorial Committee, 1977), and called 'xiao-hashima' (little hashima) 
because of its smaller body size and oviducts (Jiang, 2006). It is, however, no longer 
called hashima so as to avoid confusion (Jiang, 2006). 
One dried hashima sample (HM5) claimed to be imported from North Korea 
remained unidentified as it did not cluster with any of the species included in this 
study. It may represent a non-Chinese brown frog species from North Korea. The 
clustering of HM5 in the brown frog group and the 2n=24 group (albeit weakly 
supported) indicate that it may be a brown frog closely related to Rana dybowskii. 
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5.5.2. Adulteration in ready-to-eat products and labeling 
It was reported that Bufo gargarizans (Chinese big toad), Rana nigromaculata 
(dark-spotted pond frog) or R.plancyi (gold-stripe pond frog) were the most common 
adulterants for dried hashima (Yang et al., 2002). In contrast, R. catesbeiana (North 
American bullfrog) was identified in the ready-to-eat hashima products in this study. 
Both Rana catesbeiana and Hoplobatrachus rugulosus (tiger frog, Chinese 
edible frog) are the two most commonly consumed food frogs in Hong Kong. Some 
6,000 metric tons of bullfrog legs were imported to Europe each year and over 6 
million Chinese edible frogs were imported to Hong Kong (Lau et al., 1999; Jensen 
& Camp 2003). This may be a huge and cheap supply of their oviducts for hashima 
adulteration. The use of such substitute in products labeled as ‘forest frog's oviduct’ 
may have violated the Trade Descriptions Ordinance (Cap. 362 of the Laws of Hong 
Kong). 
5.5.3. Conservation and resource management 
Populations of amphibians are seriously reduced worldwide (Schlaepfer et al., 
2005) because of habitat destruction and over-exploitation for commercial purposes 
(Gibbons et al., 2000). Misidentification and confusing taxonomy could aggrandize 
this problem. In the China Red Data Book of Endangered Animals (Zhao, 1998), 
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Rana chensinensis is the only brown frog species listed because of its 
over-exploitation as hashima. It is, however, very likely that R. dybowskii, instead of 
R. chensinensis, is threatened by massive hashima hunting; yet R. dybowskii is never 
listed (Zhao, 1998). Moreover, if both R. dybowskii and R. chensinensis are 
considered as the same species, the population size would be over-estimated and 
conceal the problem of over-exploitation and delay proper action for conservation. 
5.6. Conclusions 
Species identification is important in food authentication. It not only helps 
ensure food safety, but also has a profound influence on TCM standardization, 
conservation and resource management as demonstrated in this study. As discussed 
in session 5.2 and demonstrated in the results, it is very likely that R. dybowskii, 
instead of R. chensinensis, is the source species for hashima. Therefore, it is 
recommended that the source species name be changed to R. dybowskii (Northeastern 
brown frog) in both Chinese Pharmacopoeia and Chinese Standardization 
Administration designation. Furthermore, the China Red Data Book of Endangered 
Animals should examine the appropriate species to be protected. 
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Chapter 6. General conclusions 
6.1. Key findings 
Significance of species identification in terms of primary healthcare, food safety 
and biodiversity conservation were well-demonstrated in this study. In chapter 1, it 
was revealed by the guinea pigs-citric acid antitussive bioassay model that 
Xiao-baibu did not possess the same antitussive effect as Baibu, and thus, 
differentiation between Xiao-baibu and Baibu was the key to ensure proper 
healthcare. In chapter 2，a rapid chemical detection method for wax esters was 
developed to check for oilfish and escolar substitution in marketed fish steaks so as 
to ensure food safety. In chapters 3 and 4, molecular authentication of reptilian and 
amphibian food products pinpointed several endangered species being used, and thus 
food authentication succeeded in monitoring the utilization of these protected species 
and providing evidence for law enforcement. Indeed, these findings, more than just 
identifying, provided information on the supply source, possible adulterants, resource 
management and potential hazards to the public, which are of prime importance to 
the entire food industry. 
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6.2. Applications and implications 
Molecular authentication was frequently applied in this study. It proved to be a 
useful tool for identifying source species in plant and animal materials (Baibu vs. 
oilfish), fresh and dried meat (sashimi vs. dried crocodile meat), raw and processed 
foods (fish steak vs. ready-to-eat hashima) and different organs (muscle vs. oviduct). 
Some findings in this study were reported in the mass media, for example, the 
use of TLC for oilfish and escolar identification was widely reported in local 
newspapers; whereas the discovery of 70% mislabelled crocodile meat in the market 
featured newspaper headlines and was a theme story in "CHOICE" (magazine 
published by Consumer Council; issue 373). The 'Spotlight' indicated that food 
authentication has a great social impact. 
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Appendix 1. Sequence alignment of trnL-F 
region of Asparagus and Stemona samples 
S a m p l e n a m e s ( C o d e s ) l o ^ 3 0 i o ^ 
I . 。 . . I ——I ——丨——I I I I I . . . I 
A.cochxnchxnensls G A C o l GCTTGTTGGAACCTGCTAGTGATAACTTCCAAATTCAGAGAAACCCTGGA 
A.densiflorus GADel GCTTGTTGGAACCTGCTAGTGATAACTTCCAA-TTCAGAGAAACCCTGGA 
: 丄 ； 丄 G A F i l GCTTGTTGGAACCTGCTAGTGATAACTTCCAA-TTCAGAGAAACCCTGGA 
丄nus HAFil GCTTGTTGGAACCTGCTAGTGATAACTTCCAA-TTCAGAGAAACCCTGGA 
A . f i l i C i n u s H A F i 4 G C T T G T T G G A A C C T G C T A G T G A T A A C T T C C A A A T T C A G A G A A A C C C T G G A 
A.longifolius BALol GCTTGTTGGAACCTGCTAGTGATAACTTCCAA-TTCAGAGAAACCCTGGA 
A.lycopodineus GALyl GCTTGTTGGAACCTGCTAGTGATAACTTCCAA-TTCAGAGAAACCCTGGA 
A.offxcinalis GAOfl GCTTGTTGGAACCTGCTAGTGATAACTTCCAAATTCAGAGAAACCCTGGA 
A.racemosus GARal GCTTGTTGGAACCTGCTAGTGATAACTTCCAAATTCAGAGAAACCCTGGA 
A.setaceus G A S e l G C T T G T T G G A A C C T G C T A G T G G T A A C T T C C A A - T T C A G A G A A A C C C T G G A 
A : t r i c h o c l a d o s GATrl GCTTGTTGGAACCTGCTAGTGATAACTTCCAAATTCAGAGAAACCCTGGA 
XiaoBaibu Sample GCTTGTTGGAACCTGCTAGTGATAACTTCCAAATTCAGAGAAACCCTGGA 
S.collinsae GSCol GCTGGTTGGAACCTGCTAGTGGTAACTTCCAA-TTCAGAGAAACCCTGGA 
S.curtisii GSCul GCTGGTTGGAACCTGCTAGTGGTAACTTCCAAATTCAGAGAAACCCTGGA 
S.japonica GSJal GCTGGTTGGAACCTGCTAGTGGTAACTTCCAA-TTCAGAGAAACCCTGGA 
S.kerrii GSKel GCTGGTTGGAACCTGCTAGTGGTAACTTCCAA-TTCAGAGAAACCCTGGA 
S.mairei HSMal GCTGGTTGGAACCTGCTAGTGGTAACTTCCAAATTCAGAGAAACCCTGGA 
S . p a r v x f l o r a G S P a l G C T G G T T G G A A C C T G C T A G T G G T A A C T T C C A A - T T C A G A G A A A C C C T G G A 
S.sessihfolia GSSel GCTGGTTGGAACCTGCTAGTGGTAACTTCCAA-TTCAGAGAAACCCTGGA 
S. s h a n d o n g e n s l s GSShl GCTGGTTGGAACCTGCTAGTGGTAACTTCCAA-TTCAGAGAAACCCTGGA 
S.tvberosa DSTul GCTGGTTGGAACCTGCTAGTGGTAACTTCCAAATTCAGAGAAACCCTGGA 
S.tvberosa D S T u 2 GCTGGTTGGAACCTGCTAGTGGTAACTTCCAAATTCAGAGAAACCCTGGA 
S.tvberosa G S T u 2 G C T G G T T G G A A C C T G C T A G T G G T A A C T T C C A A A T T C A G A G A A A C C C T G G A 
Baibu Sample GCTGGTTGGAACCTGCTAGTGGTAACTTCCAAATTCAGAGAAACCCTGGA 
S a m p l e n a m e s ( C o d e s ) ^ 7 0 8 0 ^ 
. . . 小 … ！ … - ！ … 小 … ！ … 小 … “ … ！ … 小 … 丨 
A.cochxnchinensls GACol ACTAAAAATGGGCAATCCTGAGCCAAATCTTTATGTTTAGAAAAACAAGG 
A.densiflorus GADel ACTAAAAATGGGCAATCCTGAGCCAAATCTTTATGTTTAGAAAAACAAGG 
A.filicinus GAFil ACTAAAAATGGGCAATCCTGAGCCAAATCTTTATGTTTAGAAAAACAAGG 
A.filicinus HAFil ACTAAAAATGGGCAATCCTGAGCCAAATCTTTATGTTTAGAAAAACAAGG 
A.filicinus HAFi4 ACTAAAAATGGGCAATCCTGAGCCAAATCTTTATGTTTAGAAAAACAAGG 
A.longifolius BALol ACTAAAAATGGGCAATCCTGAGCCAAATCTTTATGTTTAGAAAAACAAGG 
A.lycopodlneus GALyl ACTAAAAATGGGCAATCCTGAGCCAAATCTTTATGTTTAGAAAAACAAGG 
A.officinalis GAOfl ACTAAAAATGGGCAATCCTGAGCCAAATCTTTATGTTTAGAAAAACAAGG 
A.racemosus GARal ACTAAAAATGGGCAATCCTGAGCCAAATCTTTATGTTTAGAAAAACAAGG 
A.setaceus GASel ACTAAAAATGGGCAATCCTGAGCCAAATCTTTATGTTTAGAAAAACAAGG 
A.trichoclados GATrl ACTAAAAATGGGCAATCCTGAGCCAAATCTTTATGTTTAGAAAAACAAGG 
X i a o B a i b u S a m p l e A C T A A A A A T G G G C A A T C C T G A G C C A A A T C T T T A T G T T T A G A A A A A C A A G G 
S.collinsae GSCol ATTAAAAATGGGCAATCCTGAGCCAAATCTTGAT-TTTGCGAAAACAA— 
S.curtlsll GSCul ATTAAAAATGGGCAATCCTGAGCCAAATCTTGAT-TTTGCGAAAACAA— 
S.japonica GSJal ATTAAAAATGGGCAATCCTGAGCCAAATCTTGAT-TTTGCGAAAACAA— 
S.kerrii GSKel ATTAAAAATGGGCAATCCTGAGCCAAATCTTGAT-TTTGCGAAAACAA— 
s.mairei HSMal ATTAAAAATGGGCAATCCTGAGCCAAATCTTGAT-TTTGCGAAAACAA— 
S.parviflora GSPal ATTAAAAATGGGCAATCCTGAGCCAAATCTTGAT-TTTGCGAAAACAA— 
S.sessilifolia GSSel ATTAAAAATGGGCAATCCTGAGCCAAATCTTGAT-TTTGCGAAAACAA— 
S . s h a n d o n g e n s l s G S S h l A T T A A A A A T G G G C A A T C C T G A G C C A A A T C T T G A T - T T T G C G A A A A C A A - -
S. t u b e r o s a DSTul ATTAAAAATGGGCAATCCTGAGCCAAATCTTGAT-TTTGCGAAAACAA— 
S . t u b e r o s a D S T u 2 ATTAAAAATGGGCAATCCTGAGCCAAATCTTGAT-TTTGCGAAAACAA— 
S.tvberosa G S T u 2 A T T A A A A A T G G G C A A T C C T G A G C C A A A T C T T G A T - T T T G C G A A A A C A A — 
B a i b u S a m p l e A T T A A A A A T G G G C A A T C C T G A G C C A A A T C T T G A T - T T T G C G A A A A C A A — 
1 5 8 
Appendix 1. (continued) 
S a m p l e n a m e s ( C o d e s ) 1 3 0 
. •••1.-..1.-..1-...1....1....丨....1....1....1....丨 
A.cochxnchinensls G A C o l G T T T T T A A T T T A A A A A C T A G A — — A G A A A A A G G G A T A G G T G C A G A G A C T C 
A.densiflorus G A D e l G T T T T - A A T T T A A A A A C T A G A — — A G A A A A A G G G A T A G G T G C A G A G A C T C 
A.fxllcinus G A F i l G T T T T - C A T T T A A A A A C T A G A — — A G A A A A A G G G A T A G G T G C A G A G A C T C 
A . f i i i c i i i u s H A F i l G T T T T - C A T T T A A A A A C T A G A — — A G A A A A A G G G A T A G G T G C A G A G A C T C 
A.fllicinus H A F i 4 G T T T T - C A T T T A A A A A C T A G A — — A G A A A A A G G G A T A G G T G C A G A G A C T C 
A.longlfollus B A L o l G T T T T - A A T T T A A A A A C T A G A — — A G A A A A A G G G A T A G G T G C A G A G A C T C 
A. lycopodlneus G A L y l G T T T T - A A T T T A A A A A C T A G A — — A G A A A A A G G G A T A G G T G C A G A G A C T C 
A.officinalis G A O f l G T T T T - A A T T T A A A A A C T A G A — — A G A A A A A G G G A T A G G T G C A G A G A C T C 
A.racemosus G A R a l G T T T T - A A T T T A A A A A C T A G A — — A G A A A A A G G G A T A G G T G C A G A G A C T C 
A.setaceus G A S e l G T T T T - C A T T T A A A A A C T A G A — — A G A A A A A G G G A T A G G T G C A G A G A C T C 
A.trlchoclados G A T r l G T T T T - A A T T T A A A A A C T A G A — — A G A A A A A G G G A T A G G T G C A G A G A C T C 
X i a o B a i b u S a m p l e G T T T T - C A T T T A A A A A C T A G A — — A G A A A A A G G G A T A G G T G C A G A G A C T C 
S. collinsae G S C o l A C T A G A C T C A A A A A A A - G G A T A G G T G C A G A G A C T C 
S.curtisll G S C u l A C T A G A C T C A A A A A A A - G G A T A G G T G C A G A G A C T C 
s.japonlca G S J a l A C T A G A C T C A A A A A A A - G G A T A G G T G C A G A G A C T C 
S.kerril G S K e l A C T A G A C T C A A A A A A A - G G A T A G G T G C A G A G A C T C 
s.mairei H S M a l A C T A G A C T C A A A A A A A - G G A T A G G T G C A G A G A C T C 
S.parviflora G S P a l A C T A G A C T C A A A A A A A - G G A T A G G T G C A G A G A C T C 
S.sess±l±fol±a G S S e l A C T A G A C T C A A A A A A A - G G A T A G G T G C A G A G A C T C 
S. shandongensls G S S h l A C T A G A C T C A A A A A A A - G G A T A G G T G C A G A G A C T C 
S . tuberosa D S T u l A C T A G A C T C A A A A A A A A G G A T A G G T G C A G A G A C T C 
S . tuberosa D S T u 2 A C T A G A C T C A A A A A A A A G G A T A G G T G C A G A G A C T C 
S. tuberosa G S T u 2 A C T A G A C T C A A A A A A A A G G A T A G G T G C A G A G A C T C 
B a i b u S a m p l e A C T A G A C T C A A A A A A A A G G A T A G G T G C A G A G A C T C 
S a m p l e n a m e s ( C o d e s ) 1 7 0 
. … 丨 … • 丨 … • I . . . . I . . . • I … • I . . . . I . . . . I . . . . I . . . . I 
A.cochinchinensis G A C o l A A T G G A A G C T G T T C T A A C G A A T G G A G T T G A C T A T A T T G C G T T G G T A A C C G 
A.densiflorus G A D e l A A T G G A A G C T G T T C T A A C G A A T G G A G T T G A C T A T A T T A C G T T G G T A A C C G 
A.fllicinus G A F i l A A T G G A A G C T G T T C T A A C G A A T G G A G T T G A C T A T A T T G C G T T G G T A A C C G 
A.fllicinus H A F i l A A T G G A A G C T G T T C T A A C G A A T G G A G T T G A C T A T A T T G C G T T G G T A A C C G 
A.fllicinus H A F i 4 A A T G G A A G C T G T T C T A A C G A A T G G A G T T G A C T A T A T T G C G T T G G T A A C C G 
A.longifolius B A L o l A A T G G A A G C T G T T C T A A C G A A T G G A G T T G A C T A T A T T G C G T T G G T A A C C G 
A. lycopodlneus G A L y l A A T G G A A G C T G T T C T A A C G A A T G G A G T T G A C T A T A T T G C G T T G G T A A C C G 
A.officinalis G A O f l A A T G G A A G C T G T T C T A A C G A A T G G A G T T G A C T A T A T T G C G T T G G T A A C C G 
A.racemosus G A R a l A A T G G A A G C T G T T C T A A C G A A T G G A G T T G A C T A T A T T A C G T T G G T A A C C G 
A.setaceus G A S e l A A T G G A A G C T G T T C T A A C G A A T G G A G T T G A C T A T A T T G C G T T G G T A A C C G 
A.trlchoclados G A T r l A A T G G A A G C T G T T C T A A C G A A T G G A G T T G A C T A T A T T G C G T T G G T A A C C G 
X i a o B a i b u S a m p l e A A T G G A A G C T G T T C T A A C G A A T G G A G T T G A C T A T A T T G C G T T G G T A A C C G 
S.collinsae G S C o l G A T G G A A G C T G T T C T A A C G A A T G G A G T T G A T T G C G T T A C G T T G G T A G C T G 
S.curtlsil G S C u l G A T G G A A G C T G T T C T A A C G A A T G G A G T T G A T T G C G T T A C G T T G G T A G C T G 
S.japonica G S J a l G A T G G A A G C T G T T C T A A C G A A T G G A G T T G A T T G C G T T A C G T T G G T A G C T G 
S.kerrii G S K e l G A T G G A A G C T G T T C T A A C G A A T G G A G T T G A T T G C G T T A C G T T G G T A G C T G 
S.mairei H S M a l G A T G G A A G C T G T T C T A A C G A A T G G A G T T G A T T G C G T T A C G T T G G T A G C T G 
s.pajrvlflora G S P a l G A T G G A A G C T G T T C T A A C G A A T G G A G T T G A T T G C G T T A C G T T G G T A G C T G 
S.sessilifolla G S S e l G A T G G A A G C T G T T C T A A C G A A T G G A G T T G A T T G C G T T A C G T T G G T A G C T G 
S.shandongensls G S S h l G A T G G A A G C T G T T C T A A C G A A T G G A G T T G A T T G C G T T A C G T T G G T A G C T G 
S•tuberosa D S T u l G A T G G A A G C T G T T C T A A C G A A T G G A G T T G A T T G C G T T A C G T T G G T A G C T G 
S.tuberosa D S T u 2 G A T G G A A G C T G T T C T A A C G A A T G G A G T T G A T T G C G T T A C G T T G G T A G C T G 
S.tuberosa G S T u 2 G A T G G A A G C T G T T C T A A C G A A T G G A G T T G A T T G C G T T A C G T T G G T A G C T G 
B a i b u S a m p l e G A T G G A A G C T G T T C T A A C G A A T G G A G T T G A T T G C G T T A C G T T G G T A G C T G 
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Appendix 1. (continued) 
S a m p l e n a m e s ( C o d e s ) ^ ^ ^ ^ ^ 
• … I … • I … • I • … I . . . . I . … I . . . . I . . . . I . . . . I . . . . I 
A.cochinchinensj.s G A C o l G A A T C C T T C T A A A T T A A A G A A A G G A T - G A C C T A T A T A T C T A A T A C G 
A.denslflorus G A D e l G A A T C C T T C T A A A T T A A A G A A A G G A T - G A C C T A T A T A T C T A A T A C G 
A.filicanus GAFil GAATCCTTCTA AATTAAAGAAAGGAT-GACCTATATATCTAATACG 
A.filicinus H A F i l G A A T C C T T C T A A A T T A A A G A A A G G A T - G A C C T A T A T A T C T A A T A C G 
A.fihcinus H A F i 4 G A A T C C T T C T A A A T T A A A G A A A G G A T - G A C C T A T A T A T C T A A T A C G 
A.longlfollus B A L o l G A A T C C T T C T A A A T T A A A G A A A G G A T - G A C C T A T A T A T C T A A T A C G 
A. lycopodlneus G A L y l G A A T C C T T C T A A A T T A A A G A A A G G A T - G A C C T A T A T A T C T A A T A C G 
A.officinalis G A O f l G A A T C C T T C T A A A T T A A A G A A A G G A T - G A C C T A T A T A T C T A A T A C G 
A.racemosus G A R a l G A A T C C T T C T A A A T T A A A G A A A G G A T - G A C C T A T A T A T C T A A T A C G 
A.setaceus G A S e l G A A T C C T T C T A A A T T A A A G A A A G G A T - G A C C T A T A T A T C T A A T A C G 
A:trlchoclados G A T r l G A A T C C T T C T A A A T T A A A G A A A G G A T - G A C C T A T A T A T C T A A T A C G 
X i a o B a i b u S a m p l e G A A T C C T T C T A A A T T A A A G A A A G G A T - G A C C T A T A T A T C T A A T A C G 
S.colllnsae G S C o l G A A T C C C T C T A T C G A A A T T A G A G A A A G G A T T G C C C T A T A T A C C T G 
S.curtisii G S C u l G A A T C C C T C T A T C G A A A T T A G A G A A A G G A T T G C C C T A T A T A C C T G 
s.japonlca G S J a l G A A T C C C T C T A T C G A A A T T A G A G A A A G G A T T G C C C T A T A T A C C T G 
s.kerrii GSKel GAATCCCTCTATCGAAATTAGAGAAAGGATTGCCCTATATACCT G 
s.mairei HSMal GAATCCCTCTATCGAAATTAGAGAAAGGATTGCCCTATATACCT G 
s.parviflora GSPal GAATCCCTCTATCGAAATTAGAGAAAGGATTGCCCTATATACCT G 
S.sesslllfolia G S S e l G A A T C C C T C T A T C G A A A T T A G A G A A A G G A T T G C C C T A T A T A C C T G 
S. shandongensls G S S h l G A A T C C C T C T A T C G A A A T T A G A G A A A G G A T T G C C C T A T A T A C C T G 
S.tuberosa DSTul GAATCCCTCTATCGAAATTAGAGAAAGGATTGCCCTATATACCT G 
S.tuberosa D S T u 2 G A A T C C C T C T A T C G A A A T T A G A G A A A G G A T T G C C C T A T A T A C C T G 
S.tuberosa G S T u 2 G A A T C C C T C T A T C G A A A T T A G A G A A A G G A T T G C C C T A T A T A C C T G 
Baibu Sample GAATCCCTCTATCGAAATTAGAGAAAGGATTGCCCTATATACCT G 
S a m p l e n a m e s ( C o d e s ) ^ ^ ^ 
• • • • I . . . - I . . - - I . - - . I . . . . I . . . . I . . . . I . . . . I . . . . I . . . . I 
A.cochinchlnensls G A C o l T A C G T A T A C A T A C T G G C A T A T C A A A C G A T T A A T 
A.denslflorus G A D e l T A C G T A T A C A T A C T G G C A T A T C A A A C G A T T A A T 
A. filicinus G A F i l T A C G T A T A C A T A C T G G C A T A T C A A A C G A T T A A T 
A. filicinus HAFil TACGTATACATACTGG CATATCAAACGATTAAT 
A. filicinus H A F i 4 T A C G T A T A C A T A C T G G C A T A T C A A A C G A T T A A T 
A.longlfollus B A L o l T A C A T A T A C A T A C T G G C A T A T C A A A C G A T T A A T 
A. lycopodlneus G A L y l T A C G T A T A C A T A C T G G C A T A T C A A A C G A T T A A T 
A. officinalis G A O f l T A C A T A T A C A T A C T G G C A T A T C A A A C G A T T A A T 
A.racemosus G A R a l T A C G T A T A C A T A C T G G C A T A T C A A A C G A T T A A T 
A.setaceus G A S e l T A C G T A T A C A T A C T G G C A T A T C A A A C G A T T A A T 
A. trlchoclados G A T r l T A C G T A T A C A T A C T G G C A T A T C A A A C G A T T A A T 
X i a o B a i b u S a m p l e T A C G T A T A C A T A C T G G C A T A T C A A A C G A T T A A T 
S.colllnsae G S C o l T A C A T A T A C A T A C T G A C A T A G C A A A A A A T G C A A 
S.curtlslx G S C u l T A C A T A T A C A T A C T G A C A T A G C A A A A A A T G C A A 
S.japonlca G S J a l T A C A T A T A C A T A C T G A C A T A G C A A A A A A T G C A A 
S. kerrll GSKel TACATATACATACTGA CATAGCAAAAAATTCTATTATATT 
S.mairei HSMal TACATATACATACTGA CATAGCAAAAAATTCAA 
s.parvlflora GSPal TACATATACATACTGA CATAGCAAAAAATTCAA 
S.sessillfolla G S S e l T A C A T A T A C A T A C T G A C A T A G C A A A A A A T T C A A 
S. shandongensls G S S h l T A C A T A T A C A T A C T G A C A T A G C A A A A A A T T C A A 
S•tuberosa DSTul TACATATACATACTGATACATACTGACATAGCAAAAAATTCAA 
S.tVLbexosa D S T u 2 T A C A T A T A C A T A C T G A T A C A T A C T G A C A T A G C A A A A A A T T C A A 
S.tuberosa G S T u 2 T A C A T A T A C A T A C T G A T A C A T A C T G A C A T A G C A A A A A A T T C A A 
B a i b u S a m p l e T A C A T A T A C A T A C T G A T A C A T A C T G A C A T A G C A A A A A A T T C A A 
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Appendix 1. (continued) 
S a m p l e n a m e s ( C o d e s ) 3 1 0 3 3 0 ^ ^ 
- • . . . I - . . - I . - . . I . . . . I . . . . I . . . . I . . . . I . . . . I . . . . I . . . . I 
A. cochinchinensis G A C o l ——CACGACCCGAATC--CATATTATATATA A T A T A T G C A 
A. densiflorus G A D e l - — C A C G A C C C G A A T C — C A T A T T A T A T A T A A T A T A T G C A 
A. filicinus G A F i l C A C G A C C C G A A T C - - C A T A T T A T C T A T A A T A T A T G C A 
A. filicinus H A F i l ——CACGACCCGAATC--CATATTATCTATA A T A T A T G C A 
A. filicinus H A F i 4 ——CACGACCCGAATC--CATATTATCTATA A T A T A T G C A 
A. longifolius B A L o l ——CACGACCCGAATC--CATATTATATATA A T A T A T G C A 
A. lycopodineus G A L y l ——CACGACCCGAATC--CATATTATATATA A T A T A T G C A 
A. officinalis G A O f l ——CACGACCCGAATC—CATATTATATATA A T A T A T G C A 
A. racemosus G A R a l ——CACGACCCGAATC--CATATTATATATA A T A T A T G C A 
A. setaceus G A S e l C A C G A C C C G A A T C - - C A T A T T A T A T A T A A T A T A T G C A 
A. trichoclados G A T r l ——CACGACCCGAATC--CATATTATATATA A T A T A T G C A 
X i a o B a i b u S a m p l e ——CACGACCCGAATC--CATATTATCTATA A T A T A T G C A 
S. collinsae G S C o l A T T T T A T T T A T T A T — — A T A T A T T A T A T G T A T A T G T A T G T G 
S. curtisii G S C u l A T T T T A T T T A T T A T — — A T A T A T T A T A T G T A T A T G T A T G T G 
S. japonica G S J a l A T T T A T T A T A T T A T T T A T T A T A T T A T A T G T A T G T G 
S.kerrii G S K e l A T T T A T T A T A T T A T T T A T T A T A T T A T A T A T A T T A T A T G T A T A T G T A T G T G 
S.mairei H S M a l A T A T A T T A T A T T A T T T A A T A T A T T A T A T A T A T T A T A T G T A T A T G T A T G T G 
S.parviflora G S P a l A T T T A T T A T A T T A T A T A T A T T A T A T G T A T A T G T A T G T G 
S . sessilifolia G S S e l A T T T A T T A T A T T A T T T A T T A T A T T A T A T G T A T G T G 
S. shandongensls G S S h l A T T T A T T A T A T T A T T T A T T A T A T T A T A T G T A T G T G 
S. tuberosa D S T u l A T T T A T T A T A T T A T T T A T T A T A T T A T T T A T A T T A T A T G 
S . tvberosa D S T u 2 A T T T A T T A T A T T A T T T A T T A T A T T A T T T A T A T T A T A T G 
S. tuberosa G S T u 2 A T T T A T T A T A T T A T T T A T T A T A T T A T T T A T A T T A T A T G 
B a i b u S a m p l e A T T T A T T A T A T T A T T T A T T A T A T T A T T T A T A T T A T A T G 
S a m p l e n a m e s ( C o d e s ) ^ ^ 
. . . . I . . . . I . . . . I . … 丨 … . I . . . . I . . . . I . . . . I . . . . I . . . . I 
A.cochinchinensis G A C o l A G A C A T G C A A A A T T C A G A G T T A T T A T G G A T C T A T G C C A A T A G A A 
A.densiflorus G A D e l A G A C A T G C A A A A T T C A G A G T T A T T A T G G A T C T A T G C C A A T A G A A 
A.filicinus G A F i l A G A C A T G C A A A A T T C A G A G T T A T T A T G G A T C T A T G C C A A T A G A A 
A.filicinus H A F i l A G A C A T G C A A A A T T C A G A G T T A T T A T G G A T C T A T G C C A A T A G A A 
A.filicinus H A F i 4 A G A C A T G C A A A A T T C A G A G T T A T T A T G G A T C T A T G C C A A T A G A A 
A.longifolius B A L o l A G A C A T G C A A A A T T C A G A G T T A T T A T G G A T C T A T G C C A A T A G A A 
A. lycopodineus G A L y l A G A C A T G C A A A A T T C A G A G T T A T T A T G G A T C T A T G C C A A T A G A A 
A.officinalis G A O f l A G A C A T G C A A A A T T C A G A G T T A T T A T G G A T C T A T G C C A A T A G A A 
A.racemosus G A R a l A G A C A T G C A A A A T T C A G A G T T A T T A T G G A T C T A T G C C A A T A G A A 
A.setaceus G A S e l A G A C A T G C A A A A T T C A G A G T T A T T A T G G A T C T A T G C C A A T A G A A 
A.trichoclados G A T r l A G A C A T G C A A A A T T C A G A G T T A T T A T G G A T C T A T G C C A A T A G A A 
XiaoBaibu Sample AGACATGCAAAATTCAGAGTTATTATGGATCTATGCCAATAGAA 
S•collinsae G S C o l T A T A T G A A A A A A T G A A T A A T T A T T G T G A A T T C A C T T C A A T C G A A A T C G A A 
S.curtisii G S C u l T A T A T G A A A A A A T G A A T A A T T A T T G T G A A T T C A C T T C A A T C G A A A T C G A A 
S.japonica G S J a l T A T A T G A A A A A A T G A A T A A T T A T T G T G A A T T C A C T T C A A T C G A A A T C G A A 
S.kerrii G S K e l T A T A T G A A A A A A T G A A T A A T T A T T G T G A A T T C A C T T C A A T C G A A A T C G A A 
S.mairei H S M a l T A T A T G A A A A A A T G A A T A A T T A T T G T G A A T T C A C T T C A A T C G A A A T C G A A 
S.parviflora G S P a l T A T A T G A A A A A A T G A A T A A T T A T T G T G A A T T C A C T T C A A T C G A A A T C G A A 
S.sessilifolia G S S e l T A T A T G A A A A A A T G A A T A A T T A T T G T G A A T T C A C T T C A A T C G A A A T C G A A 
S.shandongensls G S S h l T A T A T G A A A A A A T G A A T A A T T A T T G T G A A T T C A C T T C A A T C G A A A T C G A A 
S.tuberosa D S T u l T A T A T G A A A A A A T G A A T A A T T A T T G T G A A T T C A C T T C A A T C G A A A T C G A A 
S.tvberosa D S T u 2 T A T A T G A A A A A A T G A A T A A T T A T T G T G A A T T C A C T T C A A T C G A A A T C G A A 
S.tvberosa G S T u 2 T A T A T G A A A A A A T G A A T A A T T A T T G T G A A T T C A C T T C A A T C G A A A T C G A A 
B a i b u S a m p l e T A T A T G A A A A A A T G A A T A A T T A T T G T G A A T T C A C T T C A A T C G A A A T C G A A 
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Appendix 1. (continued) 
S a m p l e n a m e s ( C o d e s ) 4 1 0 4 3 0 ^ 
A.cochinchinensls G A C o l G T T G A A G G A A G A A T C G A A T A T T C A G T G A T C A A A T G A T T C A T T C C A G G G T T 
A.densiflorus G A D e l G T T G A A G G A A G A A T C G A A T A T T C A G T G A T C A A A T G A T T C A T T C C A G A G T T 
A . f i l i c i n u s G A F i l G T T G A A G G A A G A A T C G A A T A T T C A G T G A T C A A A T G A T T C A T T C C A G A G T T 
A.filicinus H A F i l G T T G A A G G A A G A A T C G A A T A T T C A G T G A T C A A A T G A T T C A T T C C A G A G T T 
A.filicinus H A F i 4 G T T G A A G G A A G A A T C G A A T A T T C A G T G A T C A A A T G A T T C A T T C C A G A G T T 
A.longlfollus B A L o l G T T G A A G G A A G A A T C G A A T A T T C A G T G A T C A A A T G A T T C A T T C C A G A G T T 
A. lycopodineus G A L y l G T T G A A G G A A G A A T C G A A T A T T C A G T G A T C A A A T G A T T C A T T C C A G A G T T 
A.officinalis G A O f l G T T G A A G G A A G A A T C G A A T A T T C A G T G A T C A A A T G A T T C A T T C C A G A G T T 
A.racemosus G A R a l G T T G A A G G A A G A A T C G A A T A T T C A G T G A T C A A A T G A T T C A T T C C A G A G T T 
A.setaceus G A S e l G T T G A A G G A A G A A T C G A A T A T T C A G T G A T C A A A T G A T T C A T T C C A G A G T T 
A:trlchoclados G A T r l G T T G A A G G A A G A A T C G A A T A T T C A G T G A T C A A A T G A T T C A T T C C A G A G T T 
X i a o B a i b u S a m p l e G T T G A A G G A A G A A T C G A A T A T T C A G T G A T C A A A T G A T T C A T T C C A G A G T T 
S.collinsae G S C o l G T T G A A G T A A G A A T C G A A T A T T C A T T G A T C A A A T C A T T C A T T C A A G A G T C 
S.curtisil G S C u l G T T G A A G T A A G A A T C G A A T A T T C A T T G A T C A A A T C A T T C A T T C A A G A G T C 
s.japonlca G S J a l G T T G A A G T A A G A A T C G A A T A T T C A T T G A T C A A A T C A T T C A T T C A A G A G T C 
s.kerrii G S K e l G T T G A A G T A A G A A T C G A A T A T T C A T T G A T C A A A T C A T T C A T T C A A G A G T C 
S.mairei H S M a l G T T G A A G T A A G A A T C G A A T A T T C A T T G A T C A A C T C A T T C A T T C A A G A G T C 
S.parvlflora G S P a l G T T G A A G T A A G A A T C G A A T A T T C A T T G A T C A A A T C A T T C A T T C A A G A G T C 
S.sessilifolia G S S e l G T T G A A G T A A G A A T C G A A T A T T C A T T G A T C A A A T C A T T C A T T C A A G A G T C 
S.shandongensls G S S h l G T T G A A G T A A G A A T C G A A T A T T C A T T G A T C A A A T C A T T C A T T C A A G A G T C 
S.tuberosa D S T u l G T T G A A G T A A G A A T C G A A T A T T C A T T G A T C A A A T C A T T C A T T C A A G A G T C 
S.tuberosa D S T u 2 G T T G A A G T A A G A A T C G A A T A T T C A T T G A T C A A A T C A T T C A T T C A A G A G T C 
S.tuberosa G S T u 2 G T T G A A G T A A G A A T C G A A T A T T C A T T G A T C A A A T C A T T C A T T C A A G A G T C 
B a i b u S a m p l e G T T G A A G T A A G A A T C G A A T A T T C A T T G A T C A A A T C A T T C A T T C A A G A G T C 
S a m p l e n a m e s ( C o d e s ) 4 6 0 4 7 0 4 8 0 4 9 0 5 0 0 
. . . . I . . . - I . . . . I . . . . I . . . . I . . . . I . . . . I . . . . I . . . . I . . . . , 
A.cochinchlnensis G A C o l T G A T A T A C C T T T T T T T G A A A A A T T G A T T A A T G A T T A A T C G G A C G A G A A T A 
A.densiflorus G A D e l T G A T A T A C C T T T T T T T G A A A A A T T G A T T A A T G A T T A A T C G G A C G A G A A T A 
A.filicinus G A F i l T G A T A T A C C T T T T T T - G A A A A A T T G A T T A A T G A T T A A T C G G A C G A G A A T A 
A.filicinus H A F i l T G A T A T A C C T T T T T T - G A A A A A T T G A T T A A T G A T T A A T C G G A C G A G A A T A 
A.filicinus H A F i 4 T G A T A T A C C T T T T T T - G A A A A A T T G A T T A A T G A T T A A T C G G A C G A G A A T A 
A.longifollus B A L o l T G A T A T A C C T T T T T T T G A A A A A T T G A T T A A T G A T T A A T C G G A C G A G A A T A 
A. lycopodineus G A L y l T G A T A T A C C T T T T T T T G A A A A A T T G A T T A A T G A T T A A T C G G A C G A G A A T A 
A.officinalis G A O f l T G A T A T A C C T T T T T T T G A A A A A T T G A T T A A T G A T T A A T C G G A C G A G A A T A 
A.racemosus G A R a l T G A T A T A C C T T T T T T T G A A A A A T T G A T T A A T G A T T A A T C G G A C G A G A A T A 
A.setaceus G A S e l T G A T A T A C C T T T T T T T G A A A A A T T G A T T A A T G A T T A A T C G G A C G A G A A T A 
A.trlchoclados G A T r l T G A T A T A C C T T T T T T T G A A A A A T T G A T T A A T G A T T A A T C G G A C G A G A A T A 
X i a o B a i b u S a m p l e T G A T A T A C C T T T T T T - G A A A A A T T G A T T A A T G A T T A A T C G G A C G A G A A T A 
S. colllnsae G S C o l T G A T A G A T C T T T T T — — A A A A A C G G A T T A A T C G G A C G A G A A T A 
S.curtisil G S C u l T G A T A G A T C T T T T T — — A A A A A C G G A T T A A T C G G A C G A G A A T A 
S.japonlca G S J a l T G A T A G A T C T T T T T — — A A A A A C G G A T T A A T C G G A C G A G A A T A 
S.kerrii G S K e l T G A T A G A T C T T T T T — — A A A A A C G G A T T A A T C G G A C G A G A A T A 
S.mairei H S M a l T G A T A G A T C T T T T T — — A A A A A C G G A T T A A T C G G A C G A G A A T A 
S.parvl flora G S P a l T G A T A G A T C T T T T T - - - A A A A A C G G A T T A A T C G G A C G A G A A T A 
S.sessilifolia G S S e l T G A T A G A T C T T T T T — — A A A A A C G G A T T A A T C G G A C G A G A A T A 
S. shandongensls G S S h l T G A T A G A T C T T T T T — — A A A A A C G G A T T A A T C G G A C G A G A A T A 
S. tuberosa D S T u l T G A T A G A T C T T T T T — — A A A A A C G G A T T A A T C G G A C G A G A A T A 
S. tuberosa D S T u 2 T G A T A G A T C T T T T T — — A A A A A C G G A T T A A T C G G A C G A G A A T A 
S. tvberosa G S T u 2 T G A T A G A T C T T T T T — — A A A A A C G G A T T A A T C G G A C G A G A A T A 
B a i b u S a m p l e T G A T A G A T C T T T T T — — A A A A A C G G A T T A A T C G G A C G A G A A T A 
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Appendix 1. (continued) 
S a m p l e n a m e s ( C o d e s ) ^ ^ ^ ^ ^ 
. .•.1-...1--..丨....1....1....1....1....1....|....丨 
A.cochinchinensis G A C o l A A G A G A G A G T C C C A T T C T A C A T G T C A A T A C C G A C A A C A A T G A A A T T T A T A 
A.densiflorus G A D e l A A G A G A G A G T C C C A T T C T A C A T G T C A A T A C C G A C A A C A A T G A A A T T T A T A 
A . f i l i c i n u s G A F i l A A G A G A G A G T C C C A T T C T A C A T G T C A A T A C C G A C A A C A A T G A A A T T T A T A 
A.filicinus H A F i l A A G A G A G A G T C C C A T T C T A C A T G T C A A T A C C G A C A A C A A T G A A A T T T A T A 
A.fihcinus H A F i 4 A A G A G A G A G T C C C A T T C T A C A T G T C A A T A C C G A C A A C A A T G A A A T T T A T A 
A.longifolius B A L o l A A G A G A G A G T C C C A T T C T A C A T G T C A A T A C C G A C A A C A A T G A A A T T T A T A 
A. lycopodineus G A L y l A A G A G A G A G T C C C A T T C T A C A T G T C A A T A C C G A C A A C A A T G A A A T T T A T A 
A.officinalis G A O f l A A G A G A G A G T C C C A T T C T A C A T G T C A A T A C C G A C A A C A A T G A A A T T T A T A 
A.racemosus G A R a l A A G A G A G A G T C C C A T T C T A C A T G T C A A T A C C G A C A A C A A T G A A A T T T A T A 
A.setaceus G A S e l A A G A G A G A G T C C C A T T C T A C A T G T C A A T A C C G A C A A C A A T G A A A T T T A T A 
A:trichoclados G A T r l A A G A G A G A G T C C C A T T C T A C A T G T C A A T A C C G A C A A C A A T G A A A T T T A T A 
X i a o B a i b u S a m p l e A A G A G A G A G T C C C A T T C T A C A T G T C A A T A C C G A C A A C A A T G A A A T T T A T A 
S.collinsae G S C o l A A G A G A G A G T C C C G T T C T A C A T G T C A A T A C C G A C A A C A A T G A A A T T T A T A 
S.curtlslx G S C u l A A G A G A G A G T C C C G T T C T A C A T G T C A A T A C C G A C A A C A A T G A A A T T T A T A 
S.japonica G S J a l A A G A G A G A G T C C C G T T C T A C A T G T C A A T A C C G A C A A C A A T G A A A T T T A T A 
S.kerrii G S K e l A A G A G A G A G T C C C G T T C T A C A T G T C A A T A C C G A C A A C A A T G A A A T T T A T A 
S.mairei H S M a l A A G A G A G A G T C C C G T T C T A C A T G T C A A T A C C G A C A A C A A T G A A A T T T A T A 
S.parviflora G S P a l A A G A G A G A G T C C C G T T C T A C A T G T C A A T A C C G A C A A C A A T G A A A T T T A T A 
S.sessilifolia G S S e l A A G A G A G A G T C C C G T T C T A C A T G T C A A T A C C G A C A A C A A T G A A A T T T A T A 
S.shandongensis G S S h l A A G A G A G A G T C C C G T T C T A C A T G T C A A T A C C G A C A A C A A T G A A A T T T A T A 
S.tuberosa D S T u l A A G A G A G A G T C C C G T T C T A C A T G T C A A T A C C G A C A A C A A T G A A A T T T A T A 
S.tuberosa D S T u 2 A A G A G A G A G T C C C G T T C T A C A T G T C A A T A C C G A C A A C A A T G A A A T T T A T A 
S.txjberosa G S T u 2 A A G A G A G A G T C C C G T T C T A C A T G T C A A T A C C G A C A A C A A T G A A A T T T A T A 
B a i b u S a m p l e A A G A G A G A G T C C C G T T C T A C A T G T C A A T A C C G A C A A C A A T G A A A T T T A T A 
S a m p l e n a m e s ( C o d e s ) ^ ^ ^ ^ ^ 
. •• . 1 . - - . 丨 . - . . 1 - . . . 1 . . . . 1 . . . . 1 . . . . 1 . . . . 丨 . . . . 丨 . . . . 丨 
A.cochinchinensis G A C o l G T A A A A G G A A A A T C C G T C G A C T T T A G A A A - - T C G T G A G G G T T C A A G T C C C 
A.densiflorus G A D e l G T A A A A G G A A A A T C C G T C G A C T T T A G A A A - - T C G T G A G G G T T C A A G T C C C 
A.filicinus G A F i l G T A A A A G G A A A A T C C G T C G A C T T T A G A A A - - T C G T G A G G G T T C A A G T C C C 
A.filicinus H A F i l G T A A A A G G A A A A T C C G T C G A C T T T A G A A A - - T C G T G A G G G T T C A A G T C C C 
A.filicinus H A F i 4 G T A A A A G G A A A A T C C G T C G A C T T T A G A A A - - T C G T G A G G G T T C A A G T C C C 
A.longifolius B A L o l G T A A A A G G A A A A T C C G T C G A C T T T A G A A A - - T C G T G A G G G T T C A A G T C C C 
A.lycopodineus G A L y l G T A A A A G G A A A A T C C G T C G A C T T T A G A A A - - T C G T G A G G G T T C A A G T C C C 
A.officinalis G A O f l G T A A A A G G A A A A T C C G T C G A C T T T A G A A A A T C C G T G A G G G T T C A A G T C C C 
A.racemosus G A R a l G T A A A A G G A A A A T C C G T C G A C T T T A G A A A - - T C G T G A G G G T T C A A G T C C C 
A.setaceus G A S e l G T A A A A G G A A A A T C C G T C G A C T T T A G A A A — T C G T G A G G G T T C A A G T C C C 
A.trichoclados G A T r l G T A A A A G G A A A A T C C G T C G A C T T T A G A A A - - T C G T G A G G G T T C A A G T C C C 
X i a o B a i b u S a m p l e G T A A A A G G A A A A T C C G T C G A C T T T A G A A A - - T C G T G A G G G T T C A A G T C C C 
S.collinsae G S C o l G T A A G A G G A A A A T C C G T C G A C T T T A G A A A - - T C G T G A G G G T T C A A G T C C C 
S . c u r t i s i i G S C u l G T A A G A G G A A A A T C C G G C G A C T T T A G A A A - - T C G T G A G G G T T C A A G T C C C 
S.japonica G S J a l G T A A G A G G A A A A T C C G T C G A C T T T A G A A A - - T C G T G A G G G T T C A A G T C C C 
S.kerrii G S K e l G T A A G A G G A A A A T C C G T C G A C T T T A G A A A - - T C G T G A G G G T T C A A G T C C C 
S.mairei H S M a l G T A A G A G G A A A A T C C G T C G A C T T T A G A A A - - T C G T G A G G G T T C A A G T C C C 
S.parviflora G S P a l G T A A G A G G A A A A T C C G T C G A C T T T A G A A A - - T C G T G A G G G T T C A A G T C C C 
S.sessilifolia G S S e l G T A A G A G G A A A A T C C G T C G A C T T T A G A A A - - T C G T G A G G G T T C A A G T C C C 
S.shandongensis G S S h l G T A A G A G G A A A A T C C G T C G A C T T T A G A A A - - T C G T G A G G G T T C A A G T C C C 
S.tuberosa D S T u l G T A A G A G G A A A A T C C G T C G A C T T T A G A A A - - T C G T G A G G G T T C A A G T C C C 
S . t uberosa D S T u 2 G T A A G A G G A A A A T C C G T C G A C T T T A G A A A - - T C G T G A G G G T T C A A G T C C C 
S.tlLberosa G S T u 2 G T A A G A G G A A A A T C C G T C G A C T T T A G A A A - - T C G T G A G G G T T C A A G T C C C 
Baibu Sample GTAAGAGGAAAATCCGTCGACTTTAGAAA—TCGTGAGGGTTCAAGTCCC 
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Appendix 1. (continued) 
S a m p l e n a m e s ( C o d e s ) ^ ^ ^ ^ ^ 
： . … 丨 … 
A.cochinchinensls G A C o l T - - C T A T C C C C - A A T A A A A A G C C C - A T T T T T T A A T T A A - - C T A T T T A T T T 
A.denslflorus G A D e l T - - C T A T C C C C - A A T A C A A A G C C C - A T T T T T T A A T T A A - - C T A T T T A T T T 
A . f i l i c i n u s G A F i l T - - C T A T C C C C - A A T A A A A A G C C C - A T T T T T T A A T T A A - - C T A T T T A T C C 
A . f i l i c i n u s H A F i l T - - C T A T C C C C - A A T A A A A A G C C C - A T T T T T T A A T T A A - - C T A T T T A T C C 
A.filicinus H A F i 4 T - - C T A T C C C C - A A T A A A A A G C C C - A T T T T T T A A T T A A - - C T A T T T A T C C 
A.longifollus B A L o l T - - C T A T C C C C - A A T A A A A A G C C C - A T T T T T T A A T T A A - - C T A T T T A T C C 
A.lycopodlneus G A L y l T - - C T A T C C C C - A A T A A A A A G C C C - A T T T T T T A A T T A A - - C T A T T T A T C -
A.officinalis G A O f l C T C C T A T C C C C C A A T A A A A A G C C C C A T T T T T T A A T T A A - - C T A T T T A T C C 
A.rac&nosus G A R a l T - - C T A T C C C C - A A T A C A A A G C C C - A T T T T T T A A T T A A - - C T A T T T A T T T 
A.setaceus G A S e l T - - C T A T C C C C - A A T A A A A A G C C C - A T T T T T T A A T T A A - - C T A T T T A T T T 
A:trichoclados G A T r l T - - C T A T C C C C - A A T A A A A A G C C C - A T T T T T T A A T T A A - - C T A T T T A T C -
X i a o B a i b u S a m p l e T - - C T A T C C C C - A A T A A A A A G C C C - A T T T T T T A A T T A A - - C T A T T T A T C C 
S.colllnsae G S C o l T - - C T A T C C C T - A A T A A A A A T A C C A T T T T A T C T C C T A A T C C T A A A T A G C T 
S.curtisll G S C u l T - - C T A T C C C T - A A T A A A A A T A C C A T T T T A T C T C C T A A T C C T A A A T A G C T 
S.japonica G S J a l T — C T A T C C C T - A A T A A A A A T A C C A T T T T A T C T C C T A A T C C T A A A T A G T T 
S.kerrli G S K e l T - - C T A T C C C T - A A T A A A A A T A C C A T T T T A T C T C C T A A T C C T A A A T A G T T 
S.mairei HSMal T--CTATCCCT-AATAAAAATACCATTTTATCTCCTAATCCTAAATAGTT 
s.parviflora G S P a l T - - C T A T C C C T - A A T A A A A A T A C C A T T T T A T C T C C T A A T C C T A A A T A G T T 
S.sessllifolla G S S e l T - - C T A T C C C T - A A T A A A A A T A C C A T T T T A T C T C C T A A T C C T A A A T A G T T 
S.shandongensls G S S h l T - - C T A T C C C T - A A T A A A A A T A C C A T T T T A T C T C C T A A T C C T A A A T A G T T 
S.tuberosa D S T u l T - - C T A T C C C T - A A T A A A A A T A C C A T T T T A T C T C C T A A T C C T A A A T A G T T 
S.tuberosa D S T u 2 T - - C T A T C C C T - A A T A A A A A T A C C A T T T T A T C T C C T A A T C C T A A A T A G T T 
S.txiberosa G S T u 2 T - - C T A T C C C T - A A T A A A A A T A C C A T T T T A T C T C C T A A T C C T A A A T A G T T 
B a i b u S a m p l e T - - C T A T C C C T - A A T A A A A A T A C C A T T T T A T C T C C T A A T C C T A A A T A G T T 
S a m p l e n a m e s ( C o d e s ) ^ ^ ^ ^ 
. … 丨 . . . . I . … 丨 … • 丨 . . . . I … • I . . . . I . . . . I . . . . I . . . . I 
A.cochinchinensls G A C o l A T C C T - C T T T T T T T T T T - C A T A A G A A G T T C - A A A G A A A A T T C A A T 
A.denslflonjs G A D e l A T C — — C T C T T T T T T T T - C A T A A G A A G T T C - A A A G A A A A T T C A A T 
A. filicinus G A F i l T C T T T T T T T T T - C A T A A G A A G T T C - A A A G A A A A T T C A A T 
A.filicinus H A F i l T C T T T T T T T T - - C A T A A G A A G T T C - A A A G A A A A T T C A A T 
A. filicinus H A F i 4 T C T T T T T T T T T - C A T A A G A A G T T C - A A A G A A A A T T C A A T 
A.longifollus B A L o l T C T T T T T T T T T - C A T A A G A A G T T C - A A A G A A A A T T C A A T 
A. lycopodlneus G A L y l C T C T T T T T T T T - C A T A A G A A G T T C - A A A G A A A A T T C A A T 
A.officinalis G A O f l C T C C — T T T T T T T T T T C - C A T A A G A A G T T C C A A A G A A A A T T C A A T 
A.racemosus G A R a l A T C — — C T C T T T T T T T T - C A T A A G A A G T T C - A A A G A A A A T T C A A T 
A.setaceus G A S e l A T C — — C T C T T T T T T T T - C A T A A G A A G T T C - A A A G A A A A T T C A A T 
A. trichoclados G A T r l C T C T T T T T T T T - C A T A A G A A G T T C - A A A G A A A A T T C A A T 
X i a o B a i b u S a m p l e T C T T T T T T T T T - C A T A A G A A G T T C - A A A G A A A A T T C A A T 
S.colllnsae G S C o l A G T C T C T T T T T T T T T — — C A T C A G T A C T T C - A A A C A A A A C A A A C T T C A C T 
S.curtisll G S C u l A G T C T C T T T T T T T T T — — C A T C A G T A C T T C - A A A C A A A A C A A A C T T C A C T 
S.japonica G S J a l A G T C T C T T T T T T T T T T T - C A T C A G T A C T T C - A A A C A A A A C A A A C T T C A C T 
S.kerrll G S K e l A G T C T C T T T T T T T T T T T - C A T C A G T A C T T C - A A A C A A A A C A A A C T T C A C T 
s.mairei H S M a l A G T C T C T T T T T T T T T T - - C A T C A G T A C T T C - A A A C A A A A C A A A C T T C A C T 
S.parviflora G S P a l A G T C T C T T T T T T T T T T — C A T C A G T A C T T C - A A A C A A A A C A A A C T T C A C T 
S.sessllifolla G S S e l A G T C T C T T T T T T T T T T T T C A T C A G T A C T T C - A A A C A A A A C A A A C T T C A C T 
S.shandongensls G S S h l A G T C T C T T T T T T T T T T T T C A T C A G T A C T T C - A A A C A A A A C A A A C T T C A C T 
S.tuberosa D S T u l A G T C T C T T T T T T T T T T - - C A T C A G T A C T T C - A A A C A A A A C A A A C T T C A C T 
S.tuberosa D S T u 2 A G T C T C T T T T T T T T T T - - C A T C A G T A C T T C - A A A C A A A A C A A A C T T C A C T 
S.tvberosa G S T u 2 A G T C T C T T T T T T T T T T - - C A T C A G T A C T T C - A A A C A A A A C A A A C T T C A C T 
B a i b u S a m p l e A G T C T C T T T T T T T T T T - - C A T C A G T A C T T C - A A A C A A A A C A A A C T T C A C T 
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Appendix 1. (continued) 
S a m p l e n a m e s ( C o d e s ) T 7 1 0 
. • . • I . - . - I . . . - I . . . . I . . . . I . . . . I . . . . I . . . . I . . . . I . . . . I 
A.cochinchinensis G A C o l A T C T G T C T C A T T C A T T C G A C T C T T T C A A A A A C G G A T T C G A A C A G A A A T C T 
A.dens±floras G A D e l A T C T G T C T C A T T C A T T C G A C T C T T T C A A A A A C G G A T T C G A A C A G A A A T C T 
A - f i l i c i n u s G A F i l A T C T G T T T C A T T C A T T C G A C T C T T T C A A A A A C G G A T T C G A A C A G A A A T C T 
A.filicinus H A F i l A T C T G T T T C A T T C A T T C G A C T C T T T C A A A A A C G G A T T C G A A C A G A A A T C T 
A.filicinus H A F i 4 A T C T G T T T C A T T C A T T C G A C T C T T T C A A A A A C G G A T T C G A A C A G A A A T C T 
A.longifollus B A L o l A T C T G T T T C A T T G A T T C G A C T C T T T C A A A A A C G G A T T C G A A C A G A A A T C T 
A. lycopodlneus G A L y l A T C T G T C T C A T T C A T T C G A C T C T T T C A A A A A C G G A T T C G A A C A G A A A T C T 
A.officinalis G A O f l A T C T G T T T C A T T G A T T C G A C T C T T T C A A A A A C G G A T T C G A A C A G A A A T C T 
A.racemosus G A R a l A T C T G T C T C A T T C A T T C G A C T C T T T C A A A A A C G G A T T C G A A C A G A A A T C T 
A.setaceus G A S e l A T C T G T C T C A T T C A T T C G A C T C T T T C A A A A A C G G A T T C G A A C A G A A A T C T 
A.trichoclados G A T r l A T C T G T C T C A T T C A T T C G A C T C T T T C A A A A A C G G A T T C G A A C A G A A A T C T 
X i a o B a i b u S a m p l e A T C T G T T T C A T T C A T T C G A C T C T T T C A A A A A C G G A T T C G A A C A G A A A T C T 
S.collinsae G S C o l A T C T T T C T C A T T C A C T C T A T T C T T T C A T A A A T A G A T C C G A A C A A A A A T C T 
S.curtlsli G S C u l A T C T T T C T C A T T C C C T C T A T T C T T T C A T A A A T A G A T C C G A A C A A A A A T C T 
S.japonica G S J a l A T C T T T C T C A T T C C C T C T A T T C T T T C A T A A A T A G A T C C G A A C A A A A A T C T 
S.kerrix G S K e l A T C T T T C T C A T T C C C T C T A T T C T T T C A T A A A T A G A T C C G A A C A A A A A T C T 
s.mairei H S M a l A T C T T T C T C A T T C A C T C T A T T C T T T C A T A A A T A G A T C C G A A C A A A A A T C T 
S.parviflora G S P a l A T C T T T C T C A T T C A C T C T A T T C T T T C A T A A A T A G A T C C G A A C A A A A A T C T 
S.sessllifolla G S S e l A T C T T T C T C A T T C C C T C T A T T C T T T C A T A A A T A G A T C C G A A C A A A A A T C T 
S.shandongensis G S S h l A T C T T T C T C A T T C C C T C T A T T C T T T C A T A A A T A G A T C C G A A C A A A A A T C T 
S.tvherosa D S T u l A T C T T T C T C A T T C A C T C T A T T C T T T C A T A A A T A G A T C C G A A C A A A A A T C T 
S.tuberosa D S T u 2 A T C T T T C T C A T T C A C T C T A T T C T T T C A T A A A T A G A T C C G A A C A A A A A T C T 
S.tvberosa G S T u 2 A T C T T T C T C A T T C A C T C T A T T C T T T C A T A A A T A G A T C C G A A C A A A A A T C T 
B a i b u S a m p l e A T C T T T C T C A T T C A C T C T A T T C T T T C A T A A A T A G A T C C G A A C A A A A A T C T 
Sample names (Codes) TJO ^ T ^ 
• … I • … 丨 . … I . . . . I … . I • … I . . . . I … • I … . I . . . . I 
A.cochinchlnensis G A C o l T T G G A T C T T A T G C T G A T T T G G T T T G A A T A G A T A C C A T A C A T G T A C A A A T G 
A.densifloras G A D e l T T G G A T C T T A T C C T A A T T T G G T T T G G A T A G A T A C C A T A C A T G T A C A A A T G 
A.filicinus G A F i l T T G G A T C T T A T C C T A A T T T G G T T T G A A T A G A T A C C A T A C A T G T A C A A A T G 
A.filicinus H A F i l T T G G A T C T T A T C C T A A T T T G G T T T G A A T A G A T A C C A T A C A T G T A C A A A T G 
A.filicinus H A F i 4 T T G G A T C T T A T C C T A A T T T G G T T T G A A T A G A T A C C A T A C A T G T A C A A A T G 
A.longifollus B A L o l T T G G A T C T T A T C C T A A T T T G G T T T G A A T A G A T A C C A T A C A T G T A C A A A T G 
A. lycopodlneus G A L y l T T G G A T C T T A T C C T A A T T T G G T T T G A A T A G A T A C C A T A C A T G T A C A A A T G 
A.officinalis G A O f l T T G G A T C T T A T C C T A A T T T G G T T T G A A T A G A T A C C A T A C A T G T A C A A A T G 
A.racemosus G A R a l T T G G A T C T T A T C C T A A T T T G G T T T G G A T A G A T A C C A T A C A T G T A C A A A T G 
A.setaceus G A S e l T T G G A T C T T A T C C T A A T T T G G T T T G A A T A G A T A C C A T A C A T G T A C A A A T G 
A.trichoclados G A T r l T T G G A T C T T A T C C T A A T T T G G T T T G A A T A G A T A C C A T A C A T G T A C A A A T G 
X i a o B a i b u S a m p l e T T G G A T C T T A T C C T A A T T T G G T T T G A A T A G A T A C C A T A C A T G T A C A A A T G 
S.collinsae G S C o l T T G G A T T T T T T C C C A A G T C T - T T T G G A T A G C C C G T A C A A A T A 
S.curtisil G S C u l T T G G A T T T T T T C C C A A G T C T - T T T G G A T A G C C C G T A C A A A T A 
S.japonica G S J a l T T G G A T T T T T T C C C A A G T C T - T T T G G A T A G C C C G C C C A A A T A 
S.kerrix G S K e l T T G G A T T T T T T C C C A A G T C T - T T T G G A T A G C C C G T A C A A A T A 
S.mairei H S M a l T T G G A T T T T T T C C C A A G T C T - T T T G G A T A G C C C G T A C A A A T A 
S.parviflora G S P a l T T G G A T T T T T T C C C A A G T C T - T T T G G A T A G C C C G T A C A A A T A 
S.sessllifolla G S S e l T T G G A T T T T T T C C C A A G T C T - T T T G G A T A G C C C G C C C A A A T A 
S . shandongens is G S S h l T T G G A T T T T T T C C C A A G T C T - T T T G G A T A G C C C G C C C A A A T A 
S.tvberosa D S T u l T T G G A T T T T T T C C C A A G T C T - T T T G G A T A G C C C G T A C A A A T A 
S . tuberosa D S T u 2 T T G G A T T T T T T C C C A A G T C T - T T T G G A T A G C C C G T A C A A A T A 
s. tvberosa G S T u 2 T T G G A T T T T T T C C C A A G T C T - T T T G G A T A G C C C G T A C A A A T A 
B a i b u S a m p l e T T G G A T T T T T T C C C A A G T C T - T T T G G A T A G C C C G T A C A A A T A 
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Appendix 1. (continued) 
Sample names (Codes) f 810 830 840 
： 
A.cochinchinensis GACol AACATATATGGTCAAGGAATTACCATTATTGAATTATTCACAGTCCATAT 
A.densiflorus GADel AACATATATGGTCAAGGAATTACCATTATTGAATTATTCACAGTCCATAT 
A.filicinus GAFil AACATATATGGTCAAGGAATTACCATTATTGAATTATTCACAGTCCATAT 
A.filicinus HAFil AACATATATGGTCAAGGAATTACCATTATTGAATTATTCACAGTCCATAT 
A.fllicinus HAFi4 AACATATATGGTCAAGGAATTACCATTATTGAATTATTCACAGTCCATAT 
A.longlfollus BALol AACATATATGGTCAAGGAATTACCATTATTGAATTATTCACAGTCCATAT 
A. lycopodlneus GALyl AACATATATGGTCAAGGAATTACCATTATTGAATTATTCACAGTCCATAT 
A.officinalis GAOfl AACATATATGGTCAAGGAATTACCATTATTGAATTATTCACAGTCCATAT 
A.racemosus GARal AACATATATGGTCAAGGAATTACCATTATTGAATTATTCACAGTCCATAT 
A.setaceus GASel AACATATATGGTCAAGGAATTACCATTATTGAATTATTCACAGTCCATAT 
A:trlchoclados GATrl AACATATATGGTCAAGGAATTACCATTATTGAATTATTCACAGTCCATAT 
XiaoBaibu Sample AACATATATGGTCAAGGAATTACCATTATTGAATTATTCACAGTCCATAT 
S.collinsae GSCol AACATATATGAAAAAGGAATTTCCATTATTGAATCATTAACAGTCTATAT 
S.curtlsil GSCul AACATATATGAAAAAGGAATTTCCATTATTGAATCATTAACAGTCTATAT 
S.japonlca GSJal AACATATATGAAAAAGGAATTTCCATTATTGAATCATTAACAGTCTATAT 
S.kerrii GSKel AACATATATGAAAAAGGAATTTCCATTATTGAATCATTAACAGTCTATAT 
S.mairei HSMal AACATATATGAAAAAGGAATTTCCATTATTGAATCATTAACAGTCTATAT 
S.parvlflora GSPal AACATATATGAAAAAGGAATTTACATTATTGAATCATTAACAGTCTATAT 
S.sessllifolia GSSel AACATATATGAAAAAGGAATTTCCATTATTGAATCATTAACAGTCTATAT 
S.shandongensls GSShl AACATATATGAAAAAGGAATTTCCATTATTGAATCATTAACAGTCTATAT 
S.tvberosa DSTul AACATATATGAAAAAGGAATTTCCATTATTGAATCATTAACAGTCTATAT 
S.tvberosa DSTu2 AACATATATGAAAAAGGAATTTCCATTATTGAATCATTAACAGTCTATAT 
S.tvberosa GSTu2 AACATATATGAAAAAGGAATTTCCATTATTGAATCATTAACAGTCTATAT 
Baibu Sample AACATATATGAAAAAGGAATTTCCATTATTGAATCATTAACAGTCTATAT 
Sample names (Codes) 860 870 880 
.…丨.…丨 • . . . I •…丨 • … I . … I • … I … . I . . . . I . . . . I 
A.cochinchinensis G A C o l C A C T T A C A A C T - T A C A G A A A G T C T T C T T T T T - G A A G A T C T A A A A A 
A.densiflorus GADel CA CTTACAACT-TACAGAAAGTCTTCTTTTT-GAAGATCTAAGAA 
A.fllicinus GAFil CA CTTACAACT-TACAGAAAGTCTTCTTTTT-AAAGATCTAAGAA 
A.fllicinus H A F i l C A C T T A C A A C T - T A C A G A A A G T C T T C T T T T T - A A A G A T C T A A G A A 
A.filxcinus H A F i 4 C A C T T A C A A C T - T A C A G A A A G T C T T C T T T T T - A A A G A T C T A A G A A 
A.longifolius B A L o l C A C T T A C A A C T - T A C A G A A A G T C T T C T T T T T - A A A G A T C T A A G A A 
A. lycopodlneus G A L y l C A C T T A C A A C T - T A C A G A A A G T C T T C T T T T T - G A A G A T C T A A G A A 
A.officinalis G A O f l C A C T T A C A A C T - T A C A G A A A G T C T T C T T T T T - A A A G A T C T A A G A A 
A.racemosus G A R a l C A C T T A C A A C T - T A C A G A A A G T C T T C T T T T T - G A A G A T C T A A G A A 
A.setaceus G A S e l C A C T T A C A A C T - T A C A G A A A G T C T T C T T T T T - G A A G A T C T A A G A A 
A.trlchoclados G A T r l C A C T T A C A A C T - T A C A G A A A G T C T T C T T T T T - G A A G A T C T A A G A A 
X i a o B a i b u S a m p l e C A C T T A C A A C T - T A C A G A A A G T C T T C T T T T T - A A A G A T C T A A G A A 
S.collinsae G S C o l C A T T A T C C T T A C A C T T A C A A A G A A A G T C T T C T T T - T T G A A G A T C T A A G A A 
S.curtisll G S C u l C A T T A T C C T T A C A C T T A C A A A G A A A G T C T T C T T T - T T G A A G A T C T A A G A A 
S.japonlca G S J a l C A T T A T C C T T A C A C T T A C A A A G A A A G T C T T C T T T A T T G A A G A T C T A A G A A 
S.kerrii G S K e l C A T T A T C C T T A C A C T T A C A A A G A A A G T C T T C T T T - T T G A A G A T C T A A G A A 
S.mairei H S M a l C A T T A T C C T T A C A C T T A C A A A G A A A G T C T T C T T T - T T G A A G A T C T A A G A A 
S.parvl flora G S P a l C A T T A T C C T T A C C C T T A C A A A G A A A G T G A A G A T C T A A G A A 
S.sessilifolla GSSel CATTATCCTTACACTTACAAAGAAGGTCTTCTTTATTGAAGATCTAAGAA 
S.shandongensls GSShl CATTATCCTTACCCTTACAAAGAAGGTCTTCTTTATTGAAGATCTAAGAA 
S.tuberosa DSTul CATTATCCTTACACTTCCAAAGAAAGTCTTCTTT-TTGAAGATCTAAGAA 
S.tvberosa D S T u 2 C A T T A T C C T T A C A C T T C C A A A G A A A G T C T T C T T T - T T G A A G A T C T A A G A A 
S.tvherosa G S T u 2 C A T T A T C C T T A C A C T T C C A A A G A A A G T C T T C T T T - T T G A A G A T C T A A G A A 
Baibu Sample CATTATCCTTACACTTCCAAAGAAAGTCTTCTTT-TTGAAGATCTAAGAA 
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Appendix 1. (continued) 
Sample names (Codes) ^ ^ ^ ^ ^ 
A.cochinchlnensls G A C o l A T - C G G G G A C T A G G T T A A A 
A.denslflorus G A D e l A T - C G G G G A C T A G G T T A A A 
A . f i l i c i n u s G A F i l A T - C G G G G A C T A G G T T A A A 
A . f i l i c i n u s H A F i l A T - C G G G G A C T A G G T T A A A 
A . f i l i c i n u s H A F i 4 A T - C G G G G A C T A G G T T A A A 
A.longlfollus B A L o l A T - C G G G G A C T A G G T T A A A 
A. lycopodlneus G A L y l A T - C G G G G A C T A G G T T A A A 
A.officinalis G A O f l A T - C G G G G A C T A G G T T A A A 
A.racemosus G A R a l A T - C G G G G A C T A G G T T A A A 
A.setaceus G A S e l A T - C G G G G A C T A G G T T A A A 
A.trlchoclados G A T r l A T - C G G G G A C T A G G T T A A A 
X i a o B a i b u S a m p l e A T - C G G G G A C T A G G T T A A A 
S . c o l l l n s a e G S C o l A T T T T T T G A C T G G G T A A G A T T T T A A A A 
S . c u r t i s i i G S C u l A T T T T T T G A C T G G G T A A G A T T T T A A A A 
S.japonlca G S J a l A T T T T T T G A C T G G G T A A G A T T T T A A A A 
S.kerrii G S K e l A T T T T T T G A C T G G G T A A G A T T T T A A A A 
S.mairei H S M a l A T T T T T T G A C T G G G T A A G A T T T T A A A A 
S . p a r v l f l o r a G S P a l A T T T T T T G A C T G G G T A A G A T T T T A A A A 
S.sessllifolla G S S e l A T T T T T T G A C T G G G T A A G A T T T T A A A A 
S.shandongensls G S S h l A T T T T T T G A C T G G G T A A G A T T T T A A A A 
S . t v b e r o s a D S T u l A T T T T T T G A C T G G G T A A G A T T T T A A A A 
S . t v b e r o s a D S T u 2 A T T T T T T G A C T G G G T A A G A T T T T A A A A 
S.tvberosa G S T u 2 A T T T T T T G A C T G G G T A A G A T T T T A A A A 
B a i b u S a m p l e A T T T T T T G A C T G G G T A A G A T T T T A A A A 
1 6 7 
Appendix 2. Sequence alignment of 12s rRNA 
gene region of fish steak samples 
S a m p l e n a m e s ( C o d e s ) 1 0 ^ 3 0 4 0 ^ 
• • - I - - - - I - - . - I - . . - I . . . . I . . . . I . . . . I . . . . I . . . . I . . . . I 
A l A C T A T G C C T A G C C A — — T A A - C A T T G A T A G A A A A A T A C A C C C C C T A T C C G 
A 2 A C T A T G C C T A G C C A — — T A A - C A T T G A T A G A A A A A T A C A C C C C C T A T C C G 
A 3 A C T A T G C C T A G C C A — — T A A A C A T T G A T A G A A A A - T A C A C C C C C T A T C C G 
A 4 A C T A T G C C T A G C C G — — T A A A T A C C G A T A G A A C T A T A C A T C A T C T A T C C G 
A 5 A C T A T G C C T A G C C G — — T A A A T A C C G A T A G A A C T A T A C A T C A T C T A T C C G 
A 6 A C T A T G C C T A G C C G — — T A A A T A C C G A T A G A A C T A T A C A T C A T C T A T C C G 
B l A C T A T G C C T A G C C G — — T A A A C A T T G A T A G A T T A A T A C A A C C C C T A T C C G 
B 2 A C T A T G C C T A G C C G — — T A A A C A T T G A T A G A T T A A C A C A A C C C C T A T C C G 
C I A C T A T G C C T A G C C G — — T A A A C C T T G A T A G T G A C C T A C G C C C A C T A T C C G 
C 2 A C T A T G C C T A G C C G — — T A A A C C T T G A T A G T G A C C T A C G C C C A C T A T C C G 
C 3 A C T A T G C C T A G C C A — — T A A A C A T T G A T A G A A A A - T A C A C C C C C T A T C C G 
C 4 A C T A T G C C T A G C C A — — T A A A C A T T G A T A G A A A A - T A C A C C C C C T A T C C G 
C 5 A C T A T G C C T A G C C G — — T A A A C C T T G A T A G T G A C C T A C G C C C A C T A T C C G 
E l A C T A T G C C T A G C C A — — T A A A C A T T G A T A G A A A A A T A C A C C C C C T A T C C G 
E 2 A C T A T G C C T A G C C A — — T A A A C A T T G A T A G A A A A A T A C A C C C C C T A T C C G 
E 3 A C T A T G C C T A G C C A — — T A A A C A T T G A T A G A A A A A T A C A C C C C C T A T C C G 
E 4 A C T A T G C T T A G C C C — — T A A A C A T C G A T T G C A C T A T A C A C T C C A T A T C C G 
E 5 A C T A T G C C T A G C C G — — T A A A T A C C G A T A G A A C T A T A C A T C A T C T A T C C G 
E 6 A C T A T G C C T A G C C G - - - T A A A T A C C G A T A G A A C T A T A C A T C A T C T A T C C G 
E 7 A C T A T G C C T A G C C G — — T A A A T A C C G A T A G A A C T A T A C A T C A T C T A T C C G 
G l A C T A T G T A T T G G T C G T T T A A C A A T T G A T G G T T T T A T A C C C A A A C C A T C C G 
G 2 A C T A T G C T A A G C C C — — C A A A C A T A G A C A A A A T - - T C T T A T T T C T A T C C G 
G 3 A C T A T G C T T A G C C C — — T A A A C A T T G A C T G T G G A C T A C A C C C C A C A T C C G 
H I A C T A T G C T T A G C C C — — T A A A C A T C G A T T G C A C T A T A C A C T C C A T A T C C G 
H 2 A C T A T G C T T A G C C C — — T A A A C A T C G A T T G C A C T A T A C A C T C C A T A T C C G 
A C T A T G C C T A G C C G — — T A A A C A T T G A T A G C C A A T T A C A C T - T C T A T C C G 
M l A C T A T G C C T T G C C C — — T A A A C A T T G A T A G C T G A A T A C A C C G G C T A T C C G 
R l A C T A T G C C T A G C C A — — T A A - C A T T G A T A G A A A A A T A C A C C C C C T A T C C G 
R 2 A C T A T G C C T A G C C A — — T A A A C A T T G A T A G A A A A A T A C A C C C C C T A T C C G 
5 1 A C T A T G C T T A G C C T — — T A A A C C T A G A T G T A C T T T T A C A C A C - A C A T C C G 
5 2 A C T A T G C T T A G C C T — — T A A A C C T A G A T G T A C T T T T A C A C A C - A C A T C C G 
A C T A T G C C T A G C C G — — T A A A C T T T G A T A G A A A T A T A C A A T T G A T A T C C G 
T 2 A C T A T G C C T A G C C G — — T A A A C C T T G A T A G A A A T A T A C A A T T G A T A T C C G 
^ A C T A T G C T T A G C C C — — T A A A C A T C G A T T A T T A A T T A C A C C C A A T A T C C G 
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Appendix 2. (continued) 
Sample names (Codes) ~ ‘ ^ 70 ^ ^ 
- . . . . I . - . . I . . . . I - . . . I . . . . I . . . . I . . . . I . . . . I . . . . I . . . . I 
A l C C C G G G T A C T A C G A G C A C T A G C T T G A A A C C C A A A G G A C T T G G C G G T A C T T 
A 2 C C C G G G T A C T A C G A G C A C T A G C T T G A A A C C C A A A G G A C T T G G C G G T A C T T 
A 3 C C C G G G T A C T A C G A G C A C T A G C T T G A A A C C C A A A G G A C T T G G C G G T A C T T 
A 4 C C T G G C A A C T A C G A G C A C C A G C T T G A A A C C C A A A G G A C T T G G C G G T T C T T 
A 5 C C T G G C A A C T A C G A G C A C C A G C T T G A A A C C C A A A G G A C T T G G C G G T T C T T 
A 6 C C T G G C A A C T A C G A G C A C C A G C T T G A A A C C C A A A G G A C T T G G C G G T T C T T 
B 1 C C C G G G A A C T A C G A G C A C C A G C T T A A A A C C C A A A G G A C T T G G C G G T G C T T 
B 2 C C C G G G A A C T A C G A G C A C C A G C T T A A A A C C C A A A G G A C T T G G C G G T G C T T 
C I C C T G G G A A C T A C G A G C A T C A G C T T G A A A C C C A A A G G A C T T G G C G G T G C T T 
C C T G G G A A C T A C G A G C A T C A G C T T G A A A C C C A A A G G A C T T G G C G G T G C T T 
C 3 C C C G G G T A C T A C G A G C A C T A G C T T G A A A C C C A A A G G A C T T G G C G G T A C T T 
C 4 C C C G G G T A C T A C G A G C A C T A G C T T G A A A C C C A A A G G A C T T G G C G G T A C T T 
C 5 C C T G G G A A C T A C G A G C A T C A G C T T G A A A C C C A A A G G A C T T G G C G G T G C T T 
E l C C C G G G T A C T A C G A G C A C T A G C T T G A A A C C C A A A G G A C T T G G C G G T A C T T 
E 2 C C C G G G T A C T A C G A G C A C T A G C T T G A A A C C C A A A G G A C T T G G C G G T A C T T 
E 3 C C C G G G T A C T A C G A G C A C T A G C T T G A A A C C C A A A G G A C T T G G C G G T A C T T 
E 4 C C C G G G A A T T A T G A A C G T C A G T T T A A A A C C C A A A G G A C T T G G C G G T G C T T 
E 5 C C T G G C A A C T A C G A G C A C C A G C T T G A A A C C C A A A G G A C T T G G C G G T T C T T 
C C T G G C A A C T A C G A G C A C C A G C T T G A A A C C C A A A G G A C T T G G C G G T T C T T 
E 7 C C T G G C A A C T A C G A G C A C C A G C T T G A A A C C C A A A G G A C T T G G C G G T T C T T 
C C T G G G A A C T A C G A G C A A T A G C T T A A A A C C C A A A G G A C T T G G C G G T G C T T 
G 2 C C A G G G T A C T A C G A G C A T T A G C T T A A A A C C C A A A G G A C T T G G C G G T G C T T 
G 3 C C C G G G C A C T A C G A A C G T T A G T T T G A A A C C C A A A G G A C T T G G C G G T G C T T 
H I C C C G G G A A T T A T G A A C G T C A G T T T A A A A C C C A A A G G A C T T G G C G G T G C T T 
H 2 C C C G G G A A T T A T G A A C G T C A G T T T A A A A C C C A A A G G A C T T G G C G G T G C T T 
C C C G G G A A C T A C G A G C G T A A G C T T A A A A C C C A A A G G A C T T G G C G G T G C T T 
M l C C C G G G T A C T A C G A G C A T A A G C T T G A A A C C C A A A G G A C T T G G C G G T G C T T 
C C C G G G T A C T A C G A G C A C T A G C T T G A A A C C C A A A G G A C T T G G C G G T A C T T 
R 2 C C C G G G T A C T A C G A G C A C T A G C T T G A A A C C C A A A G G A C T T G G C G G T A C T T 
5 1 C C T G G G T A C T A C G A G C A C - A G C T T A A A A C C C A A A G G A C T T G G C G G T G T C T 
5 2 C C T G G G T A C T A C G A G C A C - A G C T T A A A A C C C A A A G G A C T T G G C G G T G T C T 
C C A G G G A A C T A C A A G C G C C A G C T T A A A A C C C A A A G G A C T T G G C G G T G C C T 
T 2 C C A G G G A A C T A C A A G C G C C A G C T T A A A A C C C A A A G G A C T T G G C G G T G C C T 
C C C G G G A A T T A C G A G C A T C A G T T T A A A A C C C A A A G G A C T T G G C G G T G C T T 
S a m p l e n a m e s ( C o d e s ) I l O 1 3 0 I 4 0 
.…丨•…I....I...•丨••..l....l....l....l....l....l 
A l T A G A T C C C C C T A G A G G A G C C T G T T C T A T A A C C G A T G A C C C C C G T T C A A C C 
A 2 T A G A T C C C C C T A G A G G A G C C T G T T C T A T A A C C G A T G A C C C C C G T T C A A C C 
A 3 T A G A T C C C C C T A G A G G A G C C T G T T C T A T A A C C G A T G A C C C C C G T T C A A C C 
A 4 T A G A T C C G T C T A G A G G A G C C T G T T C T A T A A C C G A T A A A C C C C G T T C A A C C 
A 5 T A G A T C C G T C T A G A G G A G C C T G T T C T A T A A C C G A T A A A C C C C G T T C A A C C 
A 6 T A G A T C C G T C T A G A G G A G C C T G T T C T A T A A C C G A T A A A C C C C G T T C A A C C 
B 1 T A G A T C C T A C T A G A G G A G C C T G T T C T A G A A C C G A T A A C C C C C G T T C A A C C 
B 2 T A G A T C C T A C T A G A G G A G C C T G T T C T A G A A C C G A T A C C C C C C G T T C A A C C 
C I T A G A T C C A C C T A G A G G A G C C T G T T C T A G A A C C G A T A A C C C C C G T T C A A C C 
C 2 T A G A T C C A C C T A G A G G A G C C T G T T C T A G A A C C G A T A A C C C C C G T T C A A C C 
C 3 T A G A T C C C C C T A G A G G A G C C T G T T C T A T A A C C G A T G A C C C C C G T T C A A C C 
C 4 T A G A T C C C C C T A G A G G A G C C T G T T C T A T A A C C G A T G A C C C C C G T T C A A C C 
C 5 T A G A T C C A C C T A G A G G A G C C T G T T C T A G A A C C G A T A A C C C C C G T T C A A C C 
E l T A G A T C C C C C T A G A G G A G C C T G T T C T A T A A C C G A T G A C C C C C G T T C A A C C 
E 2 T A G A T C C C C C T A G A G G A G C C T G T T C T A T A A C C G A T G A C C C C C G T T C A A C C 
E 3 T A G A T C C C C C T A G A G G A G C C T G T T C T A T A A C C G A T G A C C C C C G T T C A A C C 
E 4 A A C A T C C A C C T A G A G G A G C C T G T T C T A G A A C C G A T A A C C C C C G T T A A A C C 
E 5 T A G A T C C G T C T A G A G G A G C C T G T T C T A T A A C C G A T A A A C C C C G T T C A A C C 
E 6 T A G A T C C G T C T A G A G G A G C C T G T T C T A T A A C C G A T A A A C C C C G T T C A A C C 
E 7 T A G A T C C G T C T A G A G G A G C C T G T T C T A T A A C C G A T A A A C C C C G T T C A A C C 
G 1 T A G A C C C C C C T A G A G G A G C C T G T T C T A G A A C T G A T A A C C C C C G T T T A A C C 
G 2 T A T A C C C A C C T A G A G G A G C C T G T C C T A T A A C C G A T A A T C C C C G T T T A A C C 
G 3 T A T A T C C C C C T A G A G G A G C C T G T T C T A G A A C C G A T G A T C C C C G T T C A A C C 
H I A A C A T C C A C C T A G A G G A G C C T G T T C T A G A A C C G A T A A C C C C C G T T A A A C C 
H 2 A A C A T C C A C C T A G A G G A G C C T G T T C T A G A A C C G A T A A C C C C C G T T A A A C C 
J 1 T A G A T C C A C C T A G A G G A G C C T G T T C T A G A A C C G A T A A C C C C C G T T A A A C C 
M l T A G A T C C A C C T A G A G G A G C C T G T T C T A G A A C C G A C A A C C C C C G T T C A A C C 
T A G A T C C C C C T A G A G G A G C C T G T T C T A T A A C C G A T G A C C C C C G T T C A A C C 
R 2 T A G A T C C C C C T A G A G G A G C C T G T T C T A T A A C C G A T G A C C C C C G T T C A A C C 
5 1 C A G A C C C A C C T A G A G G A G C C T G T T C T A G A A C C G A T A A C C C C C G T T A A A C C 
5 2 C A G A C C C A C C T A G A G G A G C C T G T T C T A G A A C C G A T A A C C C C C G T T A A A C C 
T 1 C A G A C C C A C C T A G A G G A G C C T G T T C T A G A A C C G A T A A C C C C C G T T C A A C C 
T 2 C A G A C C C A C C T A G A G G A G C C T G T T C T A G A A C C G A T A A C C C C C G T T C A A C C 
^ A A C A T C C A C C T A G A G G A G C C T G T T C T A G A A C C G A T A A C C C C C G T T C A A C C 
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Appendix 6. (continued) 
Sample names (Codes) lo ^ 30 40 ^ 1 
. … I • … I •…丨• . . . I • … I … . I . . . . I . . . . I • … I . . . . I 
A l T C A C C C T C C C T T G T T T T - T C C C G C C T A T A T A C C G C C G T C G T C A G C T T A C C 
A 2 T C A C C C T C C C T T G T T T T - T C C C G C C T A T A T A C C G C C G T C G T C A G C T T A C C 
A 3 T C A C C C T C C C T T G T T T T - T C C C G C C T A T A T A C C G C C G T C G T C A G C T T A C C 
A 4 T C A C C C T C C C T A G T C T C - T T C C G C C T A T A T A C C G C C G T C G T A A G C T T A C C 
A 5 T C A C C C T C C C T A G T C T C - T T C C G C C T A T A T A C C G C C G T C G T A A G C T T A C C 
A 6 T C A C C C T C C C T A G T C T C - T T C C G C C T A T A T A C C G C C G T C G T A A G C T T A C C 
B 1 T C A C C T T T C C T T G T T T T - T C C C G C C T A T A T A C C G C C G T C G T C A G C C C A C C 
B 2 T C A C C C T T C C T T G T T T T - T C C C G C C T A T A T A C C G C C G T C G T C A G C C C A C C 
C I T C A C C T T T C C T T G T T T T - C C C C G C C T A T A T A C C G C C G T C G T C A G C T T A C C 
C 2 T C A C C T T T C C T T G T T T T - C C C C G C C T A T A T A C C G C C G T C G T C A G C T T A C C 
C 3 T C A C C C T C C C T T G T T T T - T C C C G C C T A T A T A C C G C C G T C G T C A G C T T A C C 
C 4 T C A C C C T C C C T T G T T T T - T C C C G C C T A T A T A C C G C C G T C G T C A G C T T A C C 
C 5 T C A C C T T T C C T T G T T T T - C C C C G C C T A T A T A C C G C C G T C G T C A G C T T A C C 
E l T C A C C C T C C C T T G T T T T - T C C C G C C T A T A T A C C G C C G T C G T C A G C T T A C C 
E 2 T C A C C C T C C C T T G T T T T - T C C C G C C T A T A T A C C G C C G T C G T C A G C T T A C C 
E 3 T C A C C C T C C C T T G T T T T - T C C C G C C T A T A T A C C G C C G T C G T C A G C T T A C C 
E 4 T C A C C C T C T C T T G T T T T - A T C C G C C T A T A T A C C A C C G T C G T C A G C T T A C C 
E 5 T C A C C C T C C C T A G T C T C - T T C C G C C T A T A T A C C G C C G T C G T A A G C T T A C C 
E 6 T C A C C C T C C C T A G T C T C - T T C C G C C T A T A T A C C G C C G T C G T A A G C T T A C C 
E 7 T C A C C C T C C C T A G T C T C - T T C C G C C T A T A T A C C G C C G T C G T A A G C T T A C C 
G 1 T C A C C A T C C T T T G T T T T - C C C C G C C T A T A T A C C A C C G T C G T C A G C T T A C C 
G 2 T C A C C T C T T C T T G T T T T - C A C C G C C T A T A T A C C G C C G T C G T C A G C C T A C C 
G 3 T C A C C C T C T C T T G C C C T G T C C C G C C T A T A T A C C G C C G T C G T C A G C T T A C C 
H I T C A C C C T C T C T T G T T T T - A T C C G C C T A T A T A C C A C C G T C G T C A G C T T A C C 
H 2 T C A C C C T C T C T T G T T T T - A T C C G C C T A T A T A C C A C C G T C G T C A G C T T A C C 
J 1 T C A C C T T T T C T T G T T T T - A C C C G C C T A T A T A C C A C C G T C G T C A G C T T A T C 
M l T C A C C C T T C C T T G T T T T - T C C C G C C T A T A T A C C A C C G T C A C C A G C T T A C C 
R 1 T C A C C C T C C C T T G T T T T - T C C C G C C T A T A T A C C G C C G T C G T C A G C T T A C C 
R 2 T C A C C C T C C C T T G T T T T - T C C C G C C T A T A T A C C G C C G T C G T C A G C T T A C C 
5 1 T C A C C A C T T C T T G T T T T - C C C C G C C T A T A T A C C G C C G T C G T C A G C T T A C C 
5 2 T C A C C A C T T C T T G T T T T - C C C C G C C T A T A T A C C G C C G T C G T C A G C T T A C C 
T 1 T C A C C A C C T C T T G T T T T - A C C C G C C T A T A T A C C A C C G T C G T C A G C T T A C C 
T 2 T C A C C A C C T C T T G T T T T - A C C C G C C T A T A T A C C A C C G T C G T C A G C T T A C C 
^ T C A C C C T C C C T T G C T T T - T C C C G C C T A T A T A C C A C C G T C G T C A G C T T A C C 
S a m p l e n a m e s ( C o d e s ) 2 1 0 2 2 0 2 3 0 2 4 0 2 5 0 
• . . . I … . I . . . . I … • I . . . . I • … I . . . . I . . . . I . . . . 丨 . . . . I 
A l C C A T G A G G G A C C A A T A G T A A G C A A A A C T G G C A C C G C C C A G A A C G T C A G G T 
A 2 C C A T G A G G G A C C A A T A G T A A G C A A A A C T G G C A C C G C C C A G A A C G T C A G G T 
A 3 C C A T G A G G G A C C A A T A G T A A G C A A A A C T G G C A C C G C C C A G A A C G T C A G G T 
A 4 C T G T G A A G G C C T A A T A G T T A G C A A A A T T G G C A C A G C C C A G A A C G T C A G G T 
A 5 C T G T G A A G G C C T A A T A G T T A G C A A A A T T G G C A C A G C C C A G A A C G T C A G G T 
A 6 C T G T G A A G G C C T A A T A G T T A G C A A A A T T G G C A C A G C C C A G A A C G T C A G G T 
B 1 C T A T G A A G G T T T A A A A G T A G G C T A A A T T G G C A T A G C C C A G A A C G T C A G G C 
B 2 C T G T G A A G G T T T A A A A G T A G G C T A G A T T G G C A T A G C C C A G A A C G T C A G G C 
C I C T G T G A A G G T C T A A T A G T A A G C A A A A C T G G C A T A G C C C T A A A C G T C A G G T 
C 2 C T G T G A A G G T C T A A T A G T A A G C A A A A C T G G C A T A G C C C T A A A C G T C A G G T 
C 3 C C A T G A G G G A C C A A T A G T A A G C A A A A C T G G C A C C G C C C A G A A C G T C A G G T 
C 4 C C A T G A G G G A C C A A T A G T A A G C A A A A C T G G C A C C G C C C A G A A C G T C A G G T 
C 5 C T G T G A A G G T C T A A T A G T A A G C A A A A C T G G C A T A G C C C T A A A C G T C A G G T 
E l C C A T G A G G G A C C A A T A G T A A G C A A A A C T G G C A C C G C C C A G A A C G T C A G G T 
E 2 C C A T G A G G G A C C A A T A G T A A G C A A A A C T G G C A C C G C C C A G A A C G T C A G G T 
E 3 C C A T G A G G G A C C A A T A G T A A G C A A A A C T G G C A C C G C C C A G A A C G T C A G G T 
E 4 C T G T G A A G G C T T T A C A G T A A G C A A A A T T G G C A C A G C C C A A A A C G T C A G G T 
E 5 C T G T G A A G G C C T A A T A G T T A G C A A A A T T G G C A C A G C C C A G A A C G T C A G G T 
E 6 C T G T G A A G G C C T A A T A G T T A G C A A A A T T G G C A C A G C C C A G A A C G T C A G G T 
E 7 C T G T G A A G G C C T A A T A G T T A G C A A A A T T G G C A C A G C C C A G A A C G T C A G G T 
G 1 C T G T G A A G G G A A A A T A G T A A G C A T A A A T G G C A A A G C C A A A A A C G T C A G G T 
G 2 C T G T G A A G G C T T A A C A G A A T G C A A C A T T G G T A C A A C C C A A A A C G T C A G G T 
G 3 C T G T G A A G G C C C A A T A G T A A G C A T A A T T G G C A T C G C C C A A A A C G T C A G G T 
H I C T G T G A A G G C T T T A C A G T A A G C A A A A T T G G C A C A G C C C A A A A C G T C A G G T 
H 2 C T G T G A A G G C T T T A C A G T A A G C A A A A T T G G C A C A G C C C A A A A C G T C A G G T 
J 1 C T G T G A A G G T C C A C T A A T A A G C A A A A T T G G C A T A G C C C A A A A C G T C A G G T 
M l C T C T A A G G G T A T A A T A G T A A G C A A A A C C G G C A C A G C C C T A A A C G T C A G G T 
R 1 C C A T G A G G G A C C A A T A G T A A G C A A A A C T G G C A C C G C C C A G A A C G T C A G G T 
R 2 C C A T G A G G G A C C A A T A G T A A G C A A A A C T G G C A C C G C C C A G A A C G T C A G G T 
5 1 C T G T G A A G G C C T A G C A G T A A G C A A A G T G G G C T C G C C C C A A A A C G T C A G G T 
5 2 C T G T G A A G G C C T A G C A G T A A G C A A A G T G G G C T C G C C C C A A A A C G T C A G G T 
T 1 C T G T G A A G G C C C C A T A G T A A G C A A A A T G G A C A A A A C C C A A A A C G T C A G G T 
T 2 C T G T G A A G G C C C T A T A G T A A G C A A A A T G G G C A A A A C C C A A A A C G T C A G G T 
^ C T G T G A A G G C C T A A T A G T A A G C A G A A T T G G C A T A G C C C A A A A C G T C A G G T 
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Appendix 6. (continued) 
Sample names (Codes) lo ^ 30 40 ^  1 
• • • • ' • • • • ' • • • • ' • • • • • • • • • I - - - . I - - - . I - . . . I . . . . I . . . . I 
仏 C G A G G T G T A G C G T A T G A G A G G G G A A G A A A T G G G C T A C A T T T G C T A A C G - -
A 2 C G A G G T G T A G C G T A T G A G A G G G G A A G A A A T G G G C T A C A T T T G C T A A C G — 
A 3 C G A G G T G T A G C G T A T G A G A G G G G A A G A A A T G G G C T A C A T T T G C T A A C G — 
A 4 C G A G G T G T A G C G T A T G A G A G G G G A A G A A A T G G G C T A C A T T C G C T A A T A - -
A 5 C G A G G T G T A G C G T A T G A G A G G G G A A G A A A T G G G C T A C A T T C G C T A A T A — 
A 6 C G A G G T G T A G C G T A T G A G A G G G G A A G A A A T G G G C T A C A T T C G C T A A T A - -
B 1 C G A G G T G T A G C G T A T G G A A G G G G A A G A A A T G G G C T A C A T T C C C T A T T T - -
B 2 C G A G G T G T A G C G T A T G G A G G G G G A A G A A A T G G G C T A C A T T C C C T A T T T — 
C I C G A G G T G T A G C G C A T G G G A A G G G A A G A A A T G G G C T A C A T T T G C T A T A A - -
C 2 C G A G G T G T A G C G C A T G G G A A G G G A A G A A A T G G G C T A C A T T T G C T A T A A - -
C 3 C G A G G T G T A G C G T A T G A G A G G G G A A G A A A T G G G C T A C A T T T G C T A A C G - -
C 4 C G A G G T G T A G C G T A T G A G A G G G G A A G A A A T G G G C T A C A T T T G C T A A C G - -
C 5 C G A G G T G T A G C G C A T G G G A A G G G A A G A A A T G G G C T A C A T T T G C T A T A A — 
E l C G A G G T G T A G C G T A T G A G A G G G G A A G A A A T G G G C T A C A T T T G C T A A C G — 
E 2 C G A G G T G T A G C G T A T G A G A G G G G A A G A A A T G G G C T A C A T T T G C T A A C G — 
E 3 C G A G G T G T A G C G T A T G A G A G G G G A A G A A A T G G G C T A C A T T T G C T A A C G — 
E 4 C G A G G T G T A G T G A A T G A G G G G G G A A G A A A T G G G C T A C A T T T G C T A A A C A -
E 5 C G A G G T G T A G C G T A T G A G A G G G G A A G A A A T G G G C T A C A T T C G C T A A T A — 
E 6 C G A G G T G T A G C G T A T G A G A G G G G A A G A A A T G G G C T A C A T T C G C T A A T A — 
E 7 C G A G G T G T A G C G T A T G A G A G G G G A A G A A A T G G G C T A C A T T C G C T A A T A — 
C G A G G T G T A G C G T A T G G G A T G G G A A G A A A T G G G C T A C A T T C T C T A T T A — 
G 2 C G A G G T G T A G C G A A T G G A G A G G A A A G A G A T G G G C T A C A T T T T C T A A T A - -
G 3 C G A G G T G T A G C G A A T G A G A G G G G A A G A A A T G G G C T A C A T T C G C T A A C A A C 
H I C G A G G T G T A G T G A A T G A G G G G G G A A G A A A T G G G C T A C A T T T G C T A A A C A -
H 2 C G A G G T G T A G T G A A T G A G G G G G G A A G A A A T G G G C T A C A T T T G C T A A A C A -
C G A G G T G T A G C G A A C G A A A A G G G A A G A A A T G G G C T A C A T T C T C T A T A C - -
C G A G G T G T A G C G C A T G G A G G G G G A A G A A A T G G G C T A C A T T C C C T G A T G - -
R 1 C G A G G T G T A G C G T A T G A G A G G G G A A G A A A T G G G C T A C A T T T G C T A A C G - -
R 2 C G A G G T G T A G C G T A T G A G A G G G G A A G A A A T G G G C T A C A T T T G C T A A C G - -
C G A G G T G T A G C G C A C G A A G T G G G A A G A A A T G G G C T A C A T T T T C T A C A A - -
S 2 C G A G G T G T A G C G C A C G A A G T G G G A A G A A A T G G G C T A C A T T T T C T A C A A - -
C G A G G T G T A G C G C A T G G G G T G G G A A G A A A T G G G C T A C A T T C T C T A A A T — 
T 2 C G A G G T G T A G C G C A T G G G G T G G G A A G A A A T G G G C T A C A T T C T C T A A A T - -
^ C G A G G T G T A G T G C A T G A G A G G G G A A G A A A T G G G C T A C A T T C G C T A G T A G -
S a m p l e n a m e s ( C o d e s ) 3 1 0 ^ ^ 
. … 丨 … 丄 … ！ … 丄 … ！ … - ！ … 小 … 丨 … 小 … 丨 
A l T A G C A A A T A - C G A A C G A T G C A C T G A A A A - C G T T C A T C C G A A G G A G G A T T T 
A 2 T A G C A A A T A - C G A A C G A T G C A C T G A A A A - C G T T C A T C C G A A G G A G G A T T T 
A 3 T A G C A A A T A - C G A A C G A T G C A C T G A A A A - C G T T C A T C C G A A G G A G G A T T T 
A 4 C A G C G A A T A - C G A A C G A T G C A C T G A A A A - C A T G C A C C C G A A G G A G G A T T T 
A 5 C A G C G A A T A - C G A A C G A T G C A C T G A A A A - C A T G C A C C C G A A G G A G G A T T T 
A 6 C A G C G A A T A - C G A A C G A T G C A C T G A A A A G C A T G C A C C C G A A G G A G G A T T T 
B 1 T A G G G C A A A - C G A A T G A T A T G C T G A A A C G C A C A T - C T T G A A G G A G G A T T T 
B 2 T A G G G C A A A A C G A A T G A T A T G C T G A A A C G C A C A T - C T T G A A G G A G G A T T T 
C I T A G C A A A T A - C G G A T G G T G T T C T G A A A T - - A T A C A C C T G A A G G A G G A T T T 
C 2 T A G C A A A T A - C G G A T G G T G T T C T G A A A T — A T A C A C C T G A A G G A G G A T T T 
C 3 T A G C A A A T A - C G A A C G A T G C A C T G A A A A - C G T T C A T C C G A A G G A G G A T T T 
C 4 T A G C A A A T A - C G A A C G A T G C A C T G A A A A - C G T T C A T C C G A A G G A G G A T T T 
C 5 T A G C A A A T A - C G G A T G G T G T T C T G A A A T - - A T A C A C C T G A A G G A G - A T T T 
E l T A G C A A A T A - C G A A C G A T G C A C T G A A A A - C G T T C A T C C G A A G G A G G A T T T 
E 2 T A G C A A A T A - C G A A C G A T G C A C T G A A A A - C G T T C A T C C G A A G G A G G A T T T 
T A G C A A A T A - C G A A C G A T G C A C T G A A A A - C G T T C A T C C G A A G G A G G A T T T 
E 4 T A G C A - A A C A C G A A T G T T G C A T T G A A A C - - A T G C A A C T G A A G G A G G A T T T 
E 5 C A G C G A A T A - C G A A C G A T G C A C T G A A A A - C A T G C A C C C G A A G G A G G A T T T 
E 6 C A G C G A A T A - C G A A C G A T G C A C T G A A A A - C A T G C A C C C G A A G G A G G A T T T 
E 7 C A G C G A A T A - C G A A C G A T G C A C T G A A A A G C A T G C A C C C G A A G G A G G A T T T 
C A G A G A A T A - C G A A T T G T A A T T T G A A A A - A A A T T A C C T G A A G G A G G A T T T 
G 2 C A G A A A A C T A C A G A A G G T A A A A T G A A A T A A C C C C G A A G G A G G A T T T 
G 3 T A G C G T A A A A C G A A T A T T G C A T T G A A A T - - A T G T A G T T G A A G G A G G A T T T 
H I T A G C A - A A C A C G A A T G T T G C A T T G A A A C - - A T G C A A C T G A A G G A G G A T T T 
H 2 T A G C A - A A C A C G A A T G T T G C A T T G A A A C - - A T G C A A C T G A A G G A G G A T T T 
T A G A G A A C A - C G A A T G A T A A A C T G A A A A - - A C G T A T C T G A A G G A G G A T T T 
M l A A G C G A A T A - C G A A T G A T G A A C T G A A A T G - T T T G T A C T G A A G G A G G A T T T 
T A G C A A A T A - C G A A C G A T G C A C T G A A A A - C G T T C A T C C G A A G G A G G A T T T 
R 2 T A G C A A A T A - C G A A C G A T G C A C T G A A A A - C G T T C A T C C G A A G G A G G A T T T 
5 1 T A G A A T A T T A C G A A T G G C A C C C T G A A A C - - A A A T G C C T G A A G G T G G A T T T 
5 2 T A G A A T A T T A C G A A T G G C A C C C T G A A A C - - A A A T G C C T G A A G G T G G A T T T 
T A G A G T A C T A C G A A C C A C G C T G T G A A A T - - C A G C G T C C G A A G G T G G A T T T 
T 2 T A G A G C A T T A C G A A C C A C G C T G T G A A A T - - C A G C G T C C G A A G G T G G A T T T 
1 T A G C G - A A T A C G A A T G T T G C A T T G A A A T - - A T G C G A C T G A A G G A G G A T T T 
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Appendix 2. (continued) 
S a m p l e n a m e s ( C o d e s ) TTO ^ ^ 
• • • • ' • • • • ' • • • • ' • • • • • • • • • • • • • • I - - - - I - - - - I . - - . I - . . . I . . . . I 
A l A G C A G T A A G T G G G A A - A T A G A G T G T C C C G C T G A A A T - C G G C T C T G A A G T G C G T 
A 2 A G C A G T A A G T G G G A A - A T A G A G T G T C C C G C T G A A A T - C G G C T C T G A A G T G C G T 
A 3 A G C A G T A A G T G G G A A - A T A G A G T G T C C C G C T G A A A T - C G G C T C T G A A G T G C G T 
A 4 A G C A G T A A G T G G G A A - A T A G A G T G T T C C A C T G A A A T T C G G C T C T G A A G T G C G C 
A 5 A G C A G T A A G T G G G A A - A T A G A G T G T T C C A C T G A A A T T C G G C T C T G A A G T G C G C 
A 6 A G C A G T A A G T G G G A A - A T A G A G T G T T C C A C T G A A A T T C G G C T C T G A A - T G C G C 
A G C A G T A A G C A G G A A - G T A G A G C G T C C C G C T G A A A T - T G G C T C T G A A G C G C G C 
B 2 A G C A G T A A G T A G G A A - G T A G A G C A T C C T A C T G A A A T - T G G C T C T G A A G C G C G C 
C I A G C A G T A A G C G G A A A - A T A G A G T G T T C C G C T G A A A T - T G G C C C T G A A G C G C G C 
C 2 A G C A G T A A G C G G A A A - A T A G A G T G T T C C G C T G A A A T - T G G C C C T G A A G C G C G C 
A G C A G T A A G T G G G A A - A T A G A G T G T C C C G C T G A A A T - C G G C T C T G A A G T G C G T 
C 4 A G C A G T A A G T G G G A A - A T A G A G T G T C C C G C T G A A A T - C G G C T C T G A A G T G C G T 
C 5 A G C A G T A A G C G G A A A T A T A G A G T G T T C C G C T G A A A T - T G G C C C T G A A G C G C G C 
E l A G C A G T A A G T G G G A A - A T A G A G T G T C C C G C T G A A A T - C G G C T C T G A A G T G C G T 
E 2 A G C A G T A A G T G G G A A - A T A G A G T G T C C C G C T G A A A T - C G G C T C T G A A G T G C G T 
E 3 A G C A G T A A G T G G G A A - A T A G A G T G T C C C G C T G A A A T - C G G C T C T G A A G T G C G T 
E 4 A G C A G T A A G C A G G A A - A T A G A G C G T C C C G C T G A A A C - T G G C C C T A A A G C G C G C 
E 5 A G C A G T A A G T G G G A A - A T A G A G T G T T C C A C T G A A A T T C G G C T C T G A A G T G C G C 
E 6 A G C A G T A A G T G G G A A - A T A G A G T G T T C C A C T G A A A T T C G G C T C T G A A G T G C G C 
E 7 A G C A G T A A G T G G G A A - A T A G A G T G T T C C A C T G A A A T T C G G C T C T G A A - T G C G C 
A G C A G T A A G T A G G G A - C T A G A G T G C C C T G C T G A A A A - C G G C C C T G A A G C G C G C 
G 2 A G C A G T A A G C A G A G A - G T A G A G T G C T C C G C T G A A A C - T G G T C A T A A A G T G C G C 
G 3 A G T A G T A A G C G A A A A - G T A G A G C G T T T C G C T G A A A T - C G G C C C T A A A G C G T G C 
H I A G C A G T A A G C A G G A A - A T A G A G C G T C C C G C T G A A A C - T G G C C C T A A A G C G C G C 
H 2 A G C A G T A A G C A G G A A - A T A G A G C G T C C C G C T G A A A C - T G G C C C T A A A G C G C G C 
A G T A G T A A G A A G G A A - A T A G A G A G T C C T C C T G A A A C - T G — C C C G A A G C G C G C 
M l A G C A G T A A G C A G A G A - A T A G A G T G C T C T A C T G A A A C - C G G C C C T G A A G C G C G C 
R l AGCAGTAAGTGGGAA-ATAGAGTGTCCCGCTGAAAT-CGGCTCTGAAGTGCGT 
R 2 AGCAGTAAGTGGGAA-ATAGAGTGTCCCGCTGAAAT-CGGCTCTGAAGTGCGT 
5 1 AGTAGTAAAAAGCAA-ATAGAGTGTCCTTTTGAATT-AGGCTCTGAGACGCGC 
5 2 AGTAGTAAAAAGCAA-ATAGAGTGTCCTTTTGAACT-AGGCTCTGAGACGCGC 
T 1 AGCAGTAAACAGAAA-ATAGAGAGTTCTCTTGAAAC-TGGCTCTGAGGCGCGC 
T 2 AGCAGTAAACAGAAA-ACAGAGAGTTCTCTTGAAAC-TGGCTCTGAGGCGCGC 
AGCAGTAAGCAGAAA-GCAGAGCGTCCCGCTGAAAC-TGGCCCTAAAGCGCGC 
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Appendix 3. Sequence alignment of 16s rRNA 
gene region of fish steak samples 
S a m p l e n a m e s ( C o d e s ) l o ^ ^ ^ ^ 
. . . • I . . . . I . - - . I . . . - I . . . . I . . . . I . . . . I . . . . I . . . . I . . . . I 
A l A T G A A T - G G C A T A A C G A G G G C T T A A C T G T C T C C T T T T - T C A A G T C A A T G A 
A 2 A T G A A T - G G C A T A - C G A G G G C T T A A C T G T C T C C T T T T - T C A A G T C A A T G A 
A 3 A T G A A T - G G C A T A A C G A G G G C T T A A C T G T C T C C T T T T - T C A A G T C A A T G A 
A 4 A T G G A A A G G C A C A A C G A G G G C T C A A C T G T C T C C T C T T C T C T A G T C A A T G A 
A 5 A T G A A — G G C A C A A C G A G G G C T C A A C T G T C T C C T C T T - T C T A G T C A A T G A 
A T G A A — G G C A C A A C G A G G G C T C A A C T G T C T C C T C T T - T C T A G T C A A T G A 
A T G A A T - G G C A T A A C G A G G G C T T A G C T G T C T C C T C C C - C T A A G T T A A T G A 
B 2 A T G A A T - G G C A T A A C G A G G G C T T A G C T G T C T C C T C C C - C T A A G T T A A T G A 
C I A T G A A T - G G C A A A - C G A G G G C T T A A C T G T C T C C T C T C - T C C A G T C A G T G A 
C 2 A T G A A T - G G C A A A A C G A G G G C T T A A C T G T C T C C T C T C - T C C A G T C A G T G A 
C 3 A T G A A T - G G C A T A A C G A G G G C T T A A C T G T C T C C T T T T - T C A A G T C A A T G A 
C 4 A T G A A T - G G C A T A A C G A G G G C T T A A C T G T C T C C T T T T - T C A A G T C A A T G A 
C 5 A T G A A T - G G C A A A A C G A G G G C T T A A C T G T C T C C T C T C - T C C A G T C A G T G A 
E l A T G A A T - G G C A T A A C G A G G G C T T A A C T G T C T C C T T T T - T C A A G T C A A T G A 
E 2 A T G A A T - G G C A T A A C G A G G G C T T A A C T G T C T C C T T T T - T C A A G T C A A T G A 
E 3 A T G A A T - G G C A T A - C G A G G G C T T A A C T G T C T C C T T T T - T C A A G T C A A T G A 
E 4 A T G A A T - G G C A T A A C G A G G G C T T A A C T G T C T C C T T C C - C C C G G T C A A T G A 
E 5 A T G G A A A G G C A C A A C G A G G G C T C A A C T G T C T C C T C T T C T C T A G T C A A T G A 
E 6 A T G A A A - G G C A C A A C G A G G G C T C A A C T G T C T C C T C T T - T C T A G T C A A T G A 
E 7 A T G A A - - G G C A C A A C G A G G G C T C A A C T G T C T C C T C T T - T C T A G T C A A T G A 
A T G A A T - G G C A T C A C G A G G G C T T A G C T G T C T C C C A T C - T C C A G T C A A T G A 
G 2 A T G A A A - G G C A A G A C G A G G G T T T T A C T G T C T C C C T T T - T T G A G T C A A T G A 
G 3 A T G A A T - G G C A T A A C G A G G G C T T A A C T G T C T C C T T T T - T C A A G T C A A T G A 
H I A T G A A T - G G C A T A A C G A G G G C T T A A C T G T C T C C T T C C - C C C G G T C A A T G A 
H 2 A T G A A T - G G C A T A A C G A G G G C T T A A C T G T C T C C T T C C - C C C G G T C A A T G A 
J l A T G A A T - G G C A T A A C G A G G G C T T A A C T G T C T C C T T T C - T C A A G T T A A T G A 
M l A T G A A T - G G C A T A A C G A G G G C T T A A C T G T C T C C T T T T - T C A A G T C A A T G A 
R 1 A T G A A T - G G C A T A A C G A G G G C T T A A C T G T C T C C T T T T - T C A A G T C A A T G A 
R 2 A T G A A T - G G C A T A A C G A G G G C T T A A C T G T C T C C T T T T - T C A A G T C A A T G A 
5 1 ATGAAT-GGTGGAACGAGGGCTTAACTGTCTCCCCTT-TCAAGTCAATGA 
52 ATGAAT-GGTGGAACGAGGGCTTAACTGTCTCCCCTT-TCAAGTCAATGA 
T 1 ATGAAT-GGCATCACGAGGGCTTAGCTGTCTCCTCTC——AAGTCAATGA 
T 2 ATGAAT-GGCATCACGAGGGCTTAGCTGTCTCCTCTT——CAGTCAATGA 
ATGAAT-GGCATAACGAGGGCTTAGCTGTCTCCTCTT-TCCAGTCAATGA 
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Appendix 6. (continued) 
Sample names (Codes) lo ^ 30 40 ^ 1 
• • • . I . . - . I . . . . I . . . . I . . . . I . . . . I . . . . I . . . . I . . . . I . . . . I 
A l A A T T G A - T C T C C C C G T G C A G A A G C G G G G - A T A C A C C C A T A A G A C G A G A A G 
A 2 A A T T G A - T C T C C C C G T G C A G A A G C G G G G - A T A C A C C C A T A A G A C G A G A A G 
A 3 A A T T G A - T C T C C C C G T G C A G A A G C G G G G - A T A C A C C C A T A A G A C G A G A A G 
A 4 A A T T G A A T C T C C C C G T G C A A A A G C G G G G C A T A C C C C C A T A A G A C G A G A A G 
A 5 A A T T G A - T C T C C C C G T G C A A A A G C G G G G - A T A C C C C C A T A A G A C G A G A A G 
A 6 A A T T G A - T C T C C C C G T G C A A A A G C G G G G - A T A C C C C C A T A A G A C G A G A A G 
B 1 A A T T G A - T C T T T C C G T G C A G A A G C G G G A - A T A A A C A C A T A A G A C G A G A A G 
B 2 A A T T G A - T C T T T C C G T G C A G A A G C G G G A - A T A A A C A C A T A A G A C G A G A A G 
C I A A T T G A - T C T T C C C G T G C A G A A G C G G G A - A T A T A C A C A T A A G A C G A G A A G 
C 2 A A T T G A - T C T T C C C G T G C A G A A G C G G G A - A T A T A C A C A T A A G A C G A G A A G 
A A T T G A - T C T C C C C G T G C A G A A G C G G G G - A T A C A C C C A T A A G A C G A G A A G 
A A T T G A - T C T C C C C G T G C A G A A G C G G G G - A T A C A C C C A T A A G A C G A G A A G 
A A T T G A - T C T T C C C G T G C A G A A G C G G G A - A T A T A C A C A T A A G A C G A G A A G 
E l A A T T G A - T C T C C C C G T G C A G A A G C G G G G - A T A C A C C C A T A A G A C G A G A A G 
E 2 A A T T G A - T C T C C C C G T G C A G A A G C G G G G - A T A C A C C C A T A A G A C G A G A A G 
E 3 A A T T G A - T C T C C C C G T G C A G A A G C G G G G - A T A C A C C C A T A A G A C G A G A A G 
E 4 A A T T G A - T C T C C C C G T G C A G A A G C G G G G - A T T A A A C C A T A A G A C G A G A A G 
E 5 A A T T G A A T C T C C C C G T G C A A A A G C G G G G C A T A C C C C C A T A A G A C G A G A A G 
A A T T G A - T C T C C C C G T G C A A A A G C G G G G C A T A C C C C C A T A A G A C G A G A A G 
E 7 A A T T G A - T C T C C C C G T G C A A A A G C G G G G - A T A C C C C C A T A A G A C G A G A A G 
A A T T G A - C C T C C C C G T G C A G A G G C G G G G - A T G A T T A C A T A A G A C G A G A A G 
G 2 A A T T G A - T C T C C C C G T G C A G A A G C G G A G - A T A A A C A C A T T A G A C G A G A A G 
G 3 A A T T G A - T C T C C C C G T G C A G A A G C G G G G - A T G T C T A C A T A A G A C G A G A A G 
H I A A T T G A - T C T C C C C G T G C A G A A G C G G G G - A T T A A A C C A T A A G A C G A G A A G 
H 2 A A T T G A - T C T C C C C G T G C A G A A G C G G G G - A T T A A A C C A T A A G A C G A G A A G 
A A T T G A - C C T C C C C G T G C A G A G G C G G G G - A T A T A A A C A T A A G A C G A G A A G 
M l A A T T G A - T C C C C C C G T G C A G A A G C G G G G - A T A G G A C C A T A A G A C G A G A A G 
A A T T G A - T C T C C C C G T G C A G A A G C G G G G - A T A C A C C C A T A A G A C G A G A A G 
R 2 A A T T G A - T C T C C C C G T G C A G A A G C G G G G - A T A C A C C C A T A A G A C G A G A A G 
5 1 AATTGA-TCTGCCCGTGCAGAAGCGGGC-ATACAAATACAAGACGAGAAG 
5 2 AATTGA-TCTGCCCGTGCAGAAGCGGGC-ATACAAATACAAGACGAGAAG 
AATTGA-TCTGCCCGTGCAGAAGCGGAC-ATAAGCACATAAGACGAGAAG 
T 2 AATTGA-TCTGCCCGTGCAGAAGCGGAC-ATAAGTACATAAGACGAGAAG 
^ AATTGA-TCTCCCCGTGCAGAAGCGGGG-ATATAACCATAAGACGAGAAG 
S a m p l e n a m e s ( C o d e s ) H O 1 3 0 
• . . . 丨 … • 丨 … • 丨 … . 丨 … . I . … I … • I … • I . . . . I . . . . I 
A l A C C C T A T G G A G C T T A A G A C G C C A A G G C A T A T C A T G T T A A A - C A C C C C T A -
A 2 A C C C T A T G G A G C T T A A G A C G C C A A G G C A T A T C A T G T T A A A - C A C C C C T A -
A 3 A C C C T A T G G A G C T T A A G A C G C C A A G G C A T A T C A T G T T A A A - C A C C C C T A -
A 4 A C C C T G T G G A G C T T T A G G C A C - A A G G C A T A T C A T G T T A A A - C A C C C C T G -
A 5 A C C C T G T G G A G C T T T A G G C A C - A A G G C A T A T C A T G T T A A A - C A C C C C T G -
A 6 A C C C T G T G G A G C T T T A G G C A C - A A G G C A T A T C A T G T T A A A - C A C C C C T G -
B 1 A C C C T A T G A A G C T T C A G A C G T - A G A G T A G A C C A G A C T A C A A G G A C C C C T T 
B 2 A C C C T A T G A A G C T T C A G A C G T - A A A G T G G A C C A A G C T A C A A A G A C C C C A T 
C I A C C C T A T G G A G C T T T A G A C A C C A A A G C A G A T C A C G T T A A C - - A C C C C C T G 
C 2 A C C C T A T G G A G C T T T A G A C A C C A A A G C A G A T C A C G T T A A C - - A C C C C C T G 
C 3 A C C C T A T G G A G C T T A A G A C G C C A A G G C A T A T C A T G T T A A A - C A C C C C T A -
C 4 A C C C T A T G G A G C T T A A G A C G C C A A G G C A T A T C A T G T T A A A - C A C C C C T A -
C 5 A C C C T A T G G A G C T T T A G A C A C C A A A G C A G A T C A C G T T A A C - - A C C C C C T G 
E l A C C C T A T G G A G C T T A A G A C G C C A A G G C A T A T C A T G T T A A A - C A C C C C T A -
E 2 A C C C T A T G G A G C T T A A G A C G C C A A G G C A T A T C A T G T T A A A - C A C C C C T A -
E 3 A C C C T A T G G A G C T T A A G A C G C C A A G G C A T A T C A T G T T A A A - C A C C C C T A -
E 4 A C C C T A T G G A G C T T T A G A C A C A C A G G T G G A C C A T G T C A A A - T A C C C C C A -
E 5 A C C C T G T G G A G C T T T A G G C A C - A A G G C A T A T C A T G T T A A A - C A C C C C T G -
E 6 A C C C T G T G G A G C T T T A G G C A C - A A G G C A T A T C A T G T T A A A - C A C C C C T G -
E 7 A C C C T G T G G A G C T T T A G G C A C - A A G G C A T A T C A T G T T A A A - C A C C C C T G -
G 1 A C C C T A T G G A G C T T T A G A C - C T A A A G T A A G T C A C G T T T A A C A T G C T G T G -
G 2 A C C C T A T G G A G C T T T A G A C A C T A A A G C A G C C C A C G T T A A G - C A C C C T T G -
G 3 A C C C T A T G G A G C T T T A G A C A C - A A G A C A G A C C A C G T C A C T - C A C C C C T A C 
H I A C C C T A T G G A G C T T T A G A C A C A C A G G T G G A C C A T G T C A A A - T A C C C C C A -
H 2 A C C C T A T G G A G C T T T A G A C A C A C A G G T G G A C C A T G T C A A A - T A C C C C C A -
J 1 A C C C T A T G G A G C T T T A G G C A C T A A G G C T G C C C A C G T A A A A - - A C C T C C T -
M 1 A C C C T G T G G A G C T T A A G A C A C T A A A G C A G C C C A T G T T A A A A C A C C C T T A -
A C C C T A T G G A G C T T A A G A C G C C A A G G C A T A T C A T G T T A A A - C A C C C C T A -
R 2 A C C C T A T G G A G C T T A A G A C G C C A A G G C A T A T C A T G T T A A A - C A C C C C T A -
5 1 ACCCTTTGGAGCTTAAGATAC-AAGATCAACTATGTCAAG-AACCC 
5 2 ACCCTTTGGAGCTTAAGATAC-AAGATCAACTATGTCAAG-AACCC 
T 1 ACCCTATGGAGCTTTAGACAC-CAGGCAGATCACGTCAAA-CAACCTTGG 
T 2 ACCCTATGGAGCTTTAGACAC-CCGGCAGATCACGTCAAA-AAACCTTGA 
^ ACCCTATGGAGCTTTAGACGTCAAAGCAGATCATGTTAAA-CACCCCCA-
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Appendix 18. (continued) 
S a m p l e n a m e s ( C o d e s ) 1 6 0 1 7 0 I s O ^ 
AL AACAAAGGG-CCAAACCAAGTGATAACGTATGCCCTAATGTCTTTGGTTG 
A 2 AACAAAGGG-CCAAACCAAGTGATAACGTATGCCCTAATGTCTTTGGTTG 
A 3 AACAAAGGG-CCAAACCAAGTGATAACGTATGCCCTAATGTCTTTGGTTG 
A 4 A A C A A A G G G - C T G A A C T A A A T G A A C C C — T G C C C T C A T G C C T T A G G T T G 
A 5 AACAAAGGG-CTGAACTAAATGAACCC——TGCCCTCATGCCTTAGGTTG 
A 6 AACAAAGGG-CTGAACTAAATGAACCC——TGCCCTCATGCCTTAGGTTG 
BL G A T A A A G G A - C C A A A C C A G A A A G G C C A - - C T A C C C C A A T G T C T T T G G T T G 
B 2 G A T A A A G G G - A C A A A C C A A A A G A G C C G - - C C A C C C C A A T G T C T T T G G T T G 
C I AATACAGGA-TTAAACTAAATGAAGCC——TGCCCGAATGTCTTTGGTTG 
C 2 AATACAGGA-TTAAACTAAATGAAGCC——TGCCCGAATGTCTTTGGTTG 
C 3 AACAAAGGG-CCAAACCAAGTGATAACGTATGCCCTAATGTCTTTGGTTG 
C 4 AACAAAGGG-CCAAACCAAGTGATAACGTATGCCCTAATGTCTTTGGTTG 
C 5 AATACAGGA-TTAAACTAAATGAAGCC——TGCCCGAATGTCTTTGGTTG 
E L AACAAAGGG-CCAAACCAAGTGATAACGTATGCCCTAATGTCTTTGGTTG 
E 2 AACAAAGGG-CCAAACCAAGTGATAACGTATGCCCTAATGTCTTTGGTTG 
AACAAAGGG-CCAAACCAAGTGATAACGTATGCCCTAATGTCTTTGGTTG 
E 4 A C T A A G G G C - C T G A A C T A A G T G G A A C C — — T G C C T T G A T G T C T T C G G T T G 
E 5 AACAAAGGG-CTGAACTAAATGAACCC——TGCCCTCATGCCTTAGGTTG 
E 6 AACAAAGGG-CTGAACTAAATGAACCC——TGCCCTCATGCCTTAGGTTG 
E 7 AACAAAGGG-CTGAACTAAATGAACCC ——TGCCCTCATGCCTTAGGTTG 
GL - A T A A C A G T A A A - A A C T T A G T G A T A T T — — T A C T G A A G T G T C T T T G G T T G 
G 2 A T T A A A A G A - C C A A A C T A A T T G T A A T C — — T G C C C T A C T G T C T T C G G T T G 
AATAAAGGGCTAAAACCAGAAAGACCC——TGTTCTTCTGTCTTCGGTTG 
H I ACTAAGGGC-CTGAACTAAGTGGAACC——TGCCTTGATGTCTTCGGTTG 
H2 ACTAAGGGC-CTGAACTAAGTGGAACC——TGCCTTGATGTCTTCGGTTG 
-ATAAAAGAATATAACTTTGTGGAGCC——AGCCTAATTGCCTTTGGTTG 
M l G A A G G A - C T A A A C C T A G T G A A C C C — — T G C C C T G A T G T C T T T G G T T G 
R l A A C A A A G G G - C C A A A C C A A G T G A T A A C G T A T G C C C T A A T G T C T T T G G T T G 
R 2 A A C A A A G G G - C C A A A C C A A G T G A T A A C G T A T G C C C T A A T G T C T T T G G T T G 
5 1 - - T A A A A G - - T T A A A C T A A A T A G C A A C — — T G A T C C T - T A T C T T C G G T T G 
5 2 - - T A A A A G - - T T A A A C T A A A T A G C A A C — — T G A T C C T - T A T C T T C G G T T G 
ATTAACAAGTAAAAACGCAGTGACCCC-TA-GCCCATATGTCTTTGGTTG 
T 2 A C T A A C A A G T A A A A A C G C A G T G A C C C C - T A - G C C C A T A T G T C T T T G G T T G 
^ AATAAGGGA-CCAAACTAAATGACCCC ——TGCTTTAATGTCTTCGGTTG 
S a m p l e n a m e s ( C o d e s ) ^ ^ 
— •• .• 1 - . . . 1 . - . . 1 . . . . 1 . . . . 丨 . . . . 1 . . . . 1 . . . . 1 . . . . 丨 . . . . | 
A l G G G C G A C C G C G G G G A A A C A A A A A A C C C C C A C G T G G A A T G G G A G C A C 
A 2 G G G C G A C C G C G G G G A A A C A A A A A A C C C C C A C G T G G A A T G G G A G C A C 
A 3 G G G C G A C C G C G G G G A A A C A A A A A A C C C C C A C G T G G A A T G G G A G C A C 
A 4 G G G C G A C C A T G G G G A A G C A A G C A A C C C C C A C G T G G A A T G G G A A C A C 
A 5 G G G C G A C C A T G G G G A A G C A A G C A A C C C C C A C G T G G A A T G G G A A C A C 
A 6 G G G C G A C C A T G G G G A A G C A A G C A A C C C C C A C G T G G A A T G G G A A C A C 
B l G G G C G A C C G C G G G G A A A G A A A A A A C C C C C A C G T G G A A C A G G A G T A C A A - -
B 2 G G G C G A C C G C G G G G A A A G A A A A A A C C C C C A C G T G G A A C G G G A G T A C A A — 
C I G G G C G A C C G C G G G G C A T T G A A A A A C C C C C A C G T G G A A T G G G A G C A C C A — 
C 2 G G G C G A C C G C G G G G C A T T G A A A A A C C C C C A C G T G G A A T G G G A G C A C C A - -
GGGCGACCGCGGGGAAACAAAAAACCCCCACGTGGAATGGGAGCAC 
C 4 G G G C G A C C G C G G G G A A A C A A A A A A C C C C C A C G T G G A A T G G G A G C A C 
C 5 G G G C G A C C G C G G G G C A T T G A A A A A C C C C C A C G T G G A A T G G G A G C A C C A — 
E l G G G C G A C C G C G G G G A A A C A A A A A A C C C C C A C G T G G A A T G G G A G C A C 
E 2 G G G C G A C C G C G G G G A A A C A A A A A A C C C C C A C G T G G A A T G G G A G C A C 
E 3 G G G C G A C C G C G G G G A A A C A A A A A A C C C C C A C G T G G A A T G G G A G C A C 
E 4 G G G C G A C C A T G G G G A A - T A C A A A A C C C C C A C G T G G A A A G G G A G C A C — — A 
E 5 G G G C G A C C A T G G G G A A G C A A G C A A C C C C C A C G T G G A A T G G G A A C A C 
E 6 G G G C G A C C A T G G G G A A G C A A G C A A C C C C C A C G T G G A A T G G G A A C A C 
E 7 G G G C G A C C A T G G G G A A G C A A G C A A C C C C C A C G T G G A A T G G G A A C A C 
G l G G G C G A C C G C G G G G T A A A A C A C A A C C C C C A T G T G G A C C G G G G A T A T T A T -
G 2 G G G C G A C C A C G G G G A A A A A C A A A A C C C C C A T G A G G A A T G G A A G C A C A A T -
G 3 G G G C G A C C A T G G G G T A A C A A A A A C C C C C C A C G T G G A T T G G G A G C T T T - - A 
H I G G G C G A C C A T G G G G A A - T A C A A A A C C C C C A C G T G G A A A G G G A G C A C A 




R 2 G G G C G A C C G C G G G G A A A C A A A A A A C C C C C A C G T G G A A T G G G A G C A C 
5 1 G G G C G A C C G C G G G A G A A A A T A A A G C T C C C A C G C G G A C T G G G G - - T T A A T -
5 2 G G G C G A C C G C G G G A G A A A A T A A A G C T C C C A C G C G G A C T G G G G - - T T A A T -
GGGCGACCGCGGGGGAAAATTAAGCCCCCATGTGGACTGGGGGCACTG--
T 2 G G G C G A C C G C G G G G G A A A A T A A A G C C C C C A T G T G G A C T G G G G G C A C T G - -
^ GGGCGACCATGGGGAAATAAAAAACCCCCACGCGGACTGGGAGCACTAAA 
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Appendix 6. (continued) 
Sample names (Codes) lo ^ 30 40 ^ 1 
. … • • … • … • ！ … 」 … • I . . . . I . . . . I . . . . I . . . . I . . . . I 
A l C C C T C C T A C A A C C A A G A G C T G C A G C T C T A A T A A A C 
A 2 C C C T C C T A C A A C C A A G A G C T G C A G C T C T A A T A A A C 
A 3 C C C T C C T A C A A C C A A G A G C T G C A G C T C T A A T A A A C 
A 4 T T C T T T T T T T C T C C C T C C T A C A A G C A A G A G C T G C A G C T C T A G C A A A C 
A 5 T T C T T T T T T T C T C C C T C C T A C A A G C A A G A G C T G C A G C T C T A G C A A A C 
A 6 T T C T T T T T T T C T C C C T C C T A C A A G C A A G A G C T G C A G C T C T A G C A A A C 
B 1 C T C C T T A A A C T C A G A G C C A C A G C T C T A A G G A A C 
B 2 C T C C T T A A A C T C A G A G C C A C A G C T C T A A T A A A C 
CI CCCTCCTACAGCCAAGAGCCACAGCTCTAGGCAAC 
C 2 C C C T C C T A C A G C C A A G A G C C A C A G C T C T A G G C A A C 
C 3 C C C T C C T A C A A C C A A G A G C T G C A G C T C T A A T A A A C 
C C C T C C T A C A A C C A A G A G C T G C A G C T C T A A T A A A C 
C 5 C C C T C C T A C A G C C A A G A G C C A C A G C T C T A G G C A A C 
E l C C C T C C T A C A A C C A A G A G C T G C A G C T C T A A T A A A C 
E 2 C C C T C C T A C A A C C A A G A G C T G C A G C T C T A A T A A A C 
E 3 C C C T C C T A C A A C C A A G A G C T G C A G C T C T A A T A A A C 
E 4 C C C C T A A G T T A C T T C T T C T C C C G C A A G C C A G A G C A A C A G C T C T A A C C A G C 
E 5 T T C T T T T T T T C T C C C T C C T A C A A G C A A G A G C T G C A G C T C T A G C A A A C 
E 6 T T C T T T T T T T C T C C C T C C T A C A A G C A A G A G C T G C A G C T C T A G C A A A C 
E 7 T T C T T T T T T T C T C C C T C C T A C A A G C A A G A G C T G C A G C T C T A G C A A A C 
C C C T A A T A C T C A G A G C C T C T A C T C C A A G T A A C 
G 2 C C T C C C A A A C C A A G A G T A A C A A C T C T A A G A A T C 
G 3 C C C C C T A C T C T C T C T T C C T C C C A A A A T C A A G A G C G A C A G C T C T A A T T A A C 
H I C C C C T A A G T T A C T T C T T C T C C C G C A A G C C A G A G C A A C A G C T C T A A C C A G C 
H 2 C C C C T A A G T T A C T T C T T C T C C C G C A A G C C A G A G C A A C A G C T C T A A C C A G C 
J l C A A C C C T A A A G A C G A G A G C T C C C G C T C T A A T A A A C 
M l C T T C C T T A C A A C C A A G A G C C C C C G C T C T A A T A A A C 
C C C T C C T A C A A C C A A G A G C T G C A G C T C T A A T A A A C 
R 2 C C C T C C T A C A A C C A A G A G C T G C A G C T C T A A T A A A C 
5 1 C C C C C C T A A A A C C A A G A A A G A C A T T T C T A A G T C A C 
5 2 C C C C C C T A A A A C C A A G A A A G A C A T T T C T A A G T C A C 
C C C T C A C A G C C A A G A G C T A C A A C T C T A A G C A C C 
T 2 C C C C C A C A G C C G A G A G C T A C A G C T C T A A G C A C C 
^ C C C C T T C T T T A C C T C T C C T C C C A C A A C T A A G A G C T A C A G C T C T A A C T A A C 
S a m p l e n a m e s ( C o d e s ) 3 3 0 J i o 
. . . . • • . . • I . . . . I • … I . . . . I . . . . I . . . . I . . . . I . . . . I . . . . I 
A l A G A A T T T C T G A C C A A T - - _ A A G A T C C G G C A A C G C C G A T C A A C G G A 
A 2 A G A A T T T C T G A C C A A T — — A A G A T C C G G C A A C G C C G A T C A A C G G A 
A 3 A G A A T T T C T G A C C A A T - - - A A G A T C C G G C A A C G C C G A T C A A C G G A 
A 4 A G A A T T T C T G A C C A A A C T A A A G A T C C G G C A A C G C C G A T C A A C G G A 
A 5 A G A A T T T C T G A C C A A A C T A A A G A T C C G G C A A C G C C G A T C A A C G G A 
A 6 A G A A T T T C T G A C C A A A C T A A A G A T C C G G C A A C G C C G A T C A A C G G A 
B 1 A A A A T T T T T G A C C T A A G G A T C C G G C A A T G C C G A T C G A C G G A 
B 2 A A G A T T T T T G A C C T A A G G A T C C G G C A A T G C C G A T C A A C G G A 
C I A G A A T A T C T G A C C A G C A A G A T C C G G C A A T G C C G A T C A A C G G A 
C 2 A G A A T A T C T G A C C A G C — — A A G A T C C G G C A A T G C C G A T C A A C G G A 
C 3 A G A A T T T C T G A C C A A T — — A A G A T C C G G C A A C G C C G A T C A A C G G A 
C 4 A G A A T T T C T G A C C A A T - - - A A G A T C C G G C A A C G C C G A T C A A C G G A 
C 5 A G A A T A T C T G A C C A G C - - - A A G A T C C G G C A A T G C C G A T C A A C G G A 
E l A G A A T T T C T G A C C A A T - - - A A G A T C C G G C A A C G C C G A T C A A C G G A 
E 2 A G A A T T T C T G A C C A A T - - - A A G A T C C G G C A A C G C C G A T C A A C G G A 
E 3 A G A A T T T C T G A C C A A T — — A A G A T C C G G C A A C G C C G A T C A A C G G A 
E 4 A G A A A T T C T G A C C A A A C T — — G A T C C G G T A A A A C C G A T C A A C G A A 
E 5 A G A A T T T C T G A C C A A A C T A A A G A T C C G G C A A C G C C G A T C A A C G G A 
E 6 A G A A T T T C T G A C C A A A C T A A A G A T C C G G C A A C G C C G A T C A A C G G A 
E 7 A G A A T T T C T G A C C A A A C T A A A G A T C C G G C A A C G C C G A T C A A C G G A 
A G A A A T T C T G A C T T T T C T — — G A T C C G G T A T - - — — A A C C G A T C A A C G A A 
G 2 A G A A T C T C T G A C T A A T C T - - - G A T C C G G C A A A G C C G A T T A A C G A A 
G 3 A G A A C T T C T G A C C A A A A A T - - G A T C C G G C A A C G C C G A T C A A C G G A 
H I A G A A A T T C T G A C C A A A C T - - - G A T C C G G T A A A A C C G A T C A A C G A A 
H 2 A G A A A T T C T G A C C A A A C T - _ - G A T C C G G T A A A A C C G A T C A A C G A A 
J l A G A A A T T C T G A C C T T A C T — — G A T C C G G T T T T G A C C G A T C A A C G A A 
M l A G A A T T T C T G A C C T A C A T - - A G A T C C G G C A A A G C C G A T C A A C G G A 
A G A A T T T C T G A C C A A T - - - A A G A T C C G G C A A C G C C G A T C A A C G G A 
R 2 A G A A T T T C T G A C C A A T A A G A T C C G G C A A C G C C G A T C A A C G G A 
5 1 A G A A T A T T T G A C C A C A — — A A G A T C C G G C T T A C A A C T G C C G A C C A A C G G A 
5 2 AGAATATTTGACCACA——AAGATCCGGCTTACAACTGCCGACCAACGGA 
T 1 A G A A T A T C T G A C C A A A — A A T G A T C C G G C A A A C G C C G A T C A A C G G A 
T 2 A G A A T T T C T G A C C A A A - - A A T G A T C C G G C A A A C G C C G A T C A A C G G A 
^ A G A A T A T C T G A C C A A T C — A T G A T C C G G C A A T G C C G A T C A A C G G A 
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Appendix 6. (continued) 
Sample names (Codes) lo ^ 30 40 ^ 1 
- • . . I . - . - I . . . - I . . . . I . . . . I . . . . I . . . . I . . . . I . . . . I . . . . I 
A l C C G A G T T A C C C T A G G G A T A A C A G C G C A A T C C C - C T T T A A G A G C C C A T A T C 
A 2 C C G A G T T A C C C T A G G G A T A A C A G C G C A A T C C C - C T T T A A G A G C C C A T A T C 




B 1 C C G A G T T A C T C T A G G G A T A A C A G C G C A A T C C C - C T T T T A G A G A C C A T A T C 
B 2 C C G A G T T A C T C T A G G G A T A A C A G C G C A A T C C C - C T T T T A G A G A C C A T A T C 
CI CCGAGTTACCCTAGGGATAACAGCGCAATCCT-CTTTTAGAGCCCATATC 
C 2 C C G A G T T A C C C T A G G G A T A A C A G C G C A A T C C T - C T T T T A G A G C C C A T A T C 
C3 CCGAGTTACCCTAGGGATAACAGCGCAATCCC-CTTTAAGAGCCCATATC 
C 4 C C G A G T T A C C C T A G G G A T A A C A G C G C A A T C C C - C T T T A A G A G C C C A T A T C 
C 5 C C G A G T T A C C C T A G G G A T A A C A G C G C A A T C C T - C T T T T A G A G C C C A T A T C 
E l C C G A G T T A C C C T A G G G A T A A C A G C G C A A T C C C - C T T T A A G A G C C C A T A T C 
E 2 C C G A G T T A C C C T A G G G A T A A C A G C G C A A T C C C - C T T T A A G A G C C C A T A T C 
E 3 C C G A G T T A C C C T A G G G A T A A C A G C G C A A T C C C - C T T T A A G A G C C C A T A T C 
E 4 C C A A G T T A C C C T A G G G A T A A C A G C G C A A T C C C - C T T T T A G A G C C C A T A T C 
E 5 C C A A G T T A C C C C A G G G A T A A C A G C G C A A T C C C - C T T T T A G A G C C C A T A T C 
E 6 C C A A G T T A C C C C A G G G A T A A C A G C G C A A T C C C - C T T T T A G A G C C C A T A T C 
E 7 C C A A G T T A C C C C A G G G A T A A C A G C G C A A T C C C - C T T T T A G A G C C C A T A T C 
CCGAGTTACCCTAGGGATAACAGCGCAATCCC-CTCTCAGAGCCCATATC 
G 2 C C A A G T T A C C C T A G G G A T A A C A G C G C A A T C C C - C T T T T A G A G T C C A T A T C 
G 3 C C A A G T T A C C C T A G G G A T A A C A G C G C A A T C C T - C T T T T A G A G C C C A T A T C 
H I C C A A G T T A C C C T A G G G A T A A C A G C G C A A T C C C - C T T T T A G A G C C C A T A T C 
H 2 C C A A G T T A C C C T A G G G A T A A C A G C G C A A T C C C - C T T T T A G A G C C C A T A T C 
C C G A G T T A C C C T A G G G A T A A C A G C G C A A T C C C - C T T A T A G A G C C C A T A T C 
M l C C G A G T T A C C C C A G G G A T A A C A G C G C A A T C C C - C T T C T A G A G C C C A T A T C 
R l CCGAGTTACCCTAGGGATAACAGCGCAATCCC-CTTTAAGAGCCCATATC 
R 2 C C G A G T T A C C C T A G G G A T A A C A G C G C A A T C C C - C T T T A A G A G C C C A T A T C 
5 1 CCAAGTTACCCTAGGGATAACAGCGCAATCCC-CTTCCAGAGTCCATATC 
5 2 CCAAGTTACCCTAGGGATAACAGCGCAATCCC-CTTCCAGAGTCCATATC 
CCGAGTTACCCTAGGGATAACAGCGCAATCCT-CTCCCAGAGTCCCTATC 
T 2 CCGAGTTACCCTAGGGATAACAGCGCAATCCTGCTCCCAGAGTCCCTATC 
1 CCAAGTTACCCTAGGGATAACAGCGCAATCCC-CTTTTAGAGCCCATATC 
S a m p l e n a m e s ( C o d e s ) 4 1 0 4 3 0 440 ^ “ 
. . . 小 … ！ … - ！ … 小 … ！ … 小 … ！ … ^ … 丄 … 丨 … 小 … 丨 
A l G A C A A G G G G G T T T A C G A C C T C G A T G T T G G A T - C A G G A C A T C C T A A T G G T G C A G C C G C T 
A 2 G A C A A G G G G G T T T A C G A C C T C G A T G T T G G A T - C A G G A C A T C C T A A T G G T G C A G C C G C T 
A 3 G A C A A G G G G G T T T A C G A C C T C G A T G T T G G A T - C A G G A C A T C C T A A T G G T G C A G C C G C T 
A 4 G A C A A G G G G G T T T A C G A C C T C G A T G T T G G A T - C A G G A C A T C C T A A T G G T G T A A C C G C T 
A 5 G A C A A G G G G G T T T A C G A C C T C G A T G T T G G A T - C A G G A C A T C C T A A T G G T G T A A C C G C T 
A 6 G A C A A G G G G G T T T A C G A C C T C G A T G T T G G A T - C A G G A C A T C C T A A T G G T G T A A C C G C T 
B 1 A A C A A G G G G G T T T A C G A C C T C G A T G T T G G A T - C A G G A C A T C C T A T T G G T G C A G C A G C T 
B 2 A A C A A G G G G G T T T A C G A C C T C G A T G T T G G A T - C A G G A C A T C C T A T T G G T G C A G C A G C T 
C I G A C A A G G G G G T T T A C G A C C T C G A T G T T G G A T - C A G G A C A T C C T A A T G G T G C A G C C G C T 
C2 GACAAGGGGGTTTACGACCTCGATGTTGGAT-CAGGACATCCTAATGGTGCAGCCGCT 
C 3 G A C A A G G G G G T T T A C G A C C T C G A T G T T G G A T - C A G G A C A T C C T A A T G G T G C A G C C G C T 
C 4 G A C A A G G G G G T T T A C G A C C T C G A T G T T G G A T - C A G G A C A T C C T A A T G G T G C A G C C G C T 
C 5 G A C A A G G G G G T T T A C G A C C T C G A T G T T G G A T - C A G G A C A T C C T A A T G G T G C A G C C G C T 
E l G A C A A G G G G G T T T A C G A C C T C G A T G T T G G A T - C A G G A C A T C C T A A T G G T G C A G C C G C T 
E 2 G A C A A G G G G G T T T A C G A C C T C G A T G T T G G A T - C A G G A C A T C C T A A T G G T G C A G C C G C T 
E 3 G A C A A G G G G G T T T A C G A C C T C G A T G T T G G A T - C A G G A C A T C C T A A T G G T G C A G C C G C T 
E 4 G A C A A G G G G G T T T A C G A C C T C G A T G T T G G A T - C A G G A C A T C C T A A T G G T G C A G C C G C T 
E 5 G A C A A G G G G G T T T A C G A C C T C G A T G T T G G A T - C A G G A C A T C C T A A T G G T G T A A C C G C T 
E 6 G A C A A G G G G G T T T A C G A C C T C G A T G T T G G A T - C A G G A C A T C C T A A T G G T G T A A C C G C T 
E 7 G A C A A G G G G G T T T A C G A C C T C G A T G T T G G A T - C A G G A C A T C C T A A T G G T G T A A C C G C T 
G A C G A G G G G G T T T A C G A C C T C G A T G T T G G A T - C A G G A C A T C C T A A T G G T G C A G C C G C T 
G 2 G A C A A G G G G G T T T A C G A C C T C G A T G T T G G A T - C A G G A C A T C C T A A T G G T G C A G C C G C T 
G 3 G A C A A G A G G G T T T A C G A C C T C G A T G T T G G A T - C A G G A C A T C C T A A T G G T G C A G C C G C T 
H I G A C A A G G G G G T T T A C G A C C T C G A T G T T G G A T - C A G G A C A T C C T A A T G G T G C A G C C G C T 
H 2 G A C A A G G G G G T T T A C G A C C T C G A T G T T G G A T - C A G G A C A T C C T A A T G G T G C A G C C G C T 
J 1 G A C A A G G G G G T T T A C G A C C T C G A T G T T G G A T - C A G G A T A T C C T A A T G G T G C A G C C G C T 
M l G A C A A G G G G G C T T A C G A C C T C G A T G T T G G A T - C A G G A C A T C C T A A T G G T G C A G C C G C T 
R l G A C A A G G G G G T T T A C G A C C T C G A T G T T G G A T - C A G G A C A T C C T A A T G G T G C A G C C G C T 
R 2 G A C A A G G G G G T T T A C G A C C T C G A T G T T G G A T - C A G G A C A T C C T A A T G G T G C A G C C G C T 
5 1 GACAAGGGGGTTTACGACCTCGATGTTGGAT-CAGGACATCCTAATGGTGCAGCCGCT 
5 2 GACAAGGGGGTTTACGACCTCGATGTTGGAT-CAGGACATCCTAATGGTGCAGCCGCT 
GACGAGGGGGTTTACGACCTCGATGTTGGAT-CAGGACATCCTAATGGTGCAGCCGCT 
T 2 GACGAGGGGGTTTACGACCTCGATGTTGGAT-CAGGACATCCTAATGGTGCAGCCGCT 
^ GACAAGGGGGTTTACGACCTCGATGTTGGATACAGGACATCCTAATGGTGCAGCCGCT 
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Appendix 4. Sequence alignment of cytochrome 
b gene region of fish steak samples 
S a m p l e n a m e s ( C o d e s ) 1 0 ^ 3 0 ^ ^ 
• … I . … I • … I . . . . I . . . . I . . . • I … . I • … I . . . . I • … I 
A l T T T G G C T C A C T A C T T G G C A T T T G C T T G A T T T C C C A A A T C C T C A C A G G A C T 
A 2 T T T G G C T C A C T A C T T G G C A T T T G C T T G A T T T C C C A A A T C C T C A C A G G A C T 
A 3 T T T G G C T C A C T A C T T G G C A T T T G C T T G A T T T C C C A A A T C C T C A C A G G A C T 
A 4 T T T G G C T C A C T A C T T G G C A T T T G C T T G A T T T C C C A A A T C C T T A C C G G A C T 
A 5 T T T G G C T C A C T A C T T G G C A T T T G C T T G A T T T C C C A A A T C C T T A C C G G A C T 
A 6 T T T G G C T C A C T A C T T G G C A T T T G C T T G A T T T C C C A A A T C C T T A C C G G A C T 
ATCCCTTTCCACCCATACTTTTCTTACAAAGACCTTTTGGGGTTTGCAGC 
B 2 A T C C C C T T C C A C C C A T A C T T C T C C T A C A A A G A C C T T T T A G G G T T T G C A A T 
C I T T T G G C T C C C T C C T C G G T C T T T G C T T G A T C A T C C A A A T C C T A A C C G G G C T 
C 2 T T T G G C T C C C T C C T C G G T C T T T G C T T G A T C A T C C A A A T C C T A A C C G G G C T 
C 3 T T T G G C T C A C T A C T T G G C A T T T G C T T G A T T T C C C A A A T C C T C A C A G G A C T 
C 4 T T T G G C T C A C T A C T T G G C A T T T G C T T G A T T T C C C A A A T C C T C A C A G G A C T 
C 5 T T T G G C T C C C T C C T C G G T C T T T G C T T G A T C A T C C A A A T C C T A A C C G G G C T 
E l T T T G G C T C A C T A C T T G G C A T T T G C T T G A T T T C C C A A A T C C T C A C A G G A C T 
E 2 T T T G G C T C A C T A C T T G G C A T T T G C T T G A T T T C C C A A A T C C T C A C A G G A C T 
E 3 T T T G G C T C A C T A C T T G G C A T T T G C T T G A T T T C C C A A A T C C T C A C A G G A C T 
E 4 T T T G G G T C C C T T C T A G G A C T C T G T T T A G T G A C C C A A A T T G C T A C C G G C T T 
E 5 T T T G G C T C A C T A C T T G G C A T T T G C T T G A T T T C C C A A A T C C T T A C C G G A C T 
E 6 T T T G G C T C A C T A C T T G G C A T T T G C T T G A T T T C C C A A A T C C T T A C C G G A C T 
E 7 T T T G G C T C A C T A C T T G G C A T T T G C T T G A T T T C C C A A A T C C T T A C C G G A C T 
TTTGGCTCTCTTCTAGGCCTTTGCTTAATTACTCAACTTCTAACAGGACT 
G 2 T T C G G C T C C C T T C T C T C C T T A T G T C T T A T C C T C C A A A T T G T A A C C G G A C T 
G 3 T T C G G C T C A C T T C T A G G A C T T T G C C T A G G T A T T C A G A T C C T C A C T G G C C T 
H I T T T G G G T C C C T T C T A G G A C T C T G T T T A G T G A C C C A A A T T G C T A C C G G C T T 
H 2 T T T G G G T C C C T T C T A G G A C T C T G T T T A G T G A C C C A A A T T G C T A C C G G C T T 
J 1 T T C G G C T C C C T A C T G G G G A T A T G C C T A A T T A T T C A G A T C C T C A C T G G C C T 
M l A T G G G C T C C C T G C T G G G A C T T T G C C T A A T T G T T C A A C T C C T C T C T G G C C T 
TTTGGCTCACTACTTGGCATTTGCTTGATTTCCCAAATCCTCACAGGACT 
R 2 T T T G G C T C A C T A C T T G G C A T T T G C T T G A T T T C C C A A A T C C T C A C A G G A C T 
5 1 TTTGGTTCCCTACTATTATTATGCCTTATAGTACAGATCCTAACAGGACT 
5 2 TTTGGTTCCCTACTATTATTATGCCTTATAGTACAGATCCTAACAGGACT 
T 1 TTTGGCTCACTACTAGGCCTATGTTTAGCTACCCAAATTCTTACCGGGCT 
T 2 TTTGGTTCACTCCTGGGCTTATGCCTAGCCACCCAAATTCTTACCGGGCT 
^ TTCGGCTCCCTCCTCGGCCTCTGTTTAGCTGCCCAAGTCCTCACAGGCCT 
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Appendix 6. (continued) 
Sample names (Codes) lo ^ 30 40 ^ 1 
. . . • 1 . . - . 1 . - . . 1 - . . . 丨 . . . . 1 . . . . 1 . . . . 丨 . . . . 1 . . . . 1 . . . . | 
AL ATTCCTTGCAATGCACTACACCCCTGACGTCGAATCAGCATTTGCTTCTG 
A 2 ATTCCTTGCAATGCACTACACCCCTGACGTCGAATCAGCATTTGCTTCTG 
A 3 ATTCCTTGCAATGCACTACACCCCTGACGTCGAATCAGCATTTGCTTCTG 
A 4 ATTTCTTGCAATACACTACACCCCCGACGTAGGATCAGCCTTTGCCTCCG 
A 5 ATTTCTTGCAATACACTACACCCCCGACGTAGGATCAGCCTTTGCCTCCG 
A 6 ATTTCTTGCAATACACTACACCCCCGACGTAGGATCAGCCTTTGCCTCCG 
CCTCCTGGTTGCACTCGCCACAATTGCGCTTTTTACACCCAACCTCCTAG 
B 2 CCTCCTGGTCGCACTGACCACGGTTGCGCTTTTTACCCCCAACCTCCTGG 
C I CTTCCTCGCCATACACTACACCTCTGACATCGCAACAGCCTTCTCATCAG 
C 2 CTTCCTCGCCATACACTACACCTCTGACATCGCAACAGCCTTCTCATCAG 
C 3 ATTCCTTGCAATGCACTACACCCCTGACGTCGAATCAGCATTTGCTTCTG 
C 4 ATTCCTTGCAATGCACTACACCCCTGACGTCGAATCAGCATTTGCTTCTG 
CTTCCTCGCCATACACTACACCTCTGACATCGCAACAGCCTTCTCATCAG 
E L ATTCCTTGCAATGCACTACACCCCTGACGTCGAATCAGCATTTGCTTCTG 
E 2 ATTCCTTGCAATGCACTACACCCCTGACGTCGAATCAGCATTTGCTTCTG 
E 3 ATTCCTTGCAATGCACTACACCCCTGACGTCGAATCAGCATTTGCTTCTG 
E 4 GTTTCTAGCCATACACTATACATCAGATATTGCTACTGCCTTCACCTCCG 
E 5 ATTTCTTGCAATACACTACACCCCCGACGTAGGATCAGCCTTTGCCTCCG 
ATTTCTTGCAATACACTACACCCCCGACGTAGGATCAGCCTTTGCCTCCG 
E 7 ATTTCTTGCAATACACTACACCCCCGACGTAGGATCAGCCTTTGCCTCCG 
ATTTCTAGCCATACACTATACCTCAGACATCGAGACAGCCTTCTCATCCG 
G 2 ATTCCTAGCCATACACTACACCTCCGACATCACCTCAGCATTCTCATCCG 
G 3 ATTTCTTGCAATACACTATACTCCCAATGTCACCTCAGCCTTCGACTCAG 





R 2 ATTCCTTGCAATGCACTACACCCCTGACGTCGAATCAGCATTTGCTTCTG 
5 1 T T T C C T A G C C A T A C A T T A T A C C T C A G A C A T C T C T A C T G C C T T C T C A T C C G 
5 2 T T T C C T A G C C A T A C A T T A T A C C T C A G A C A T C T C T A C T G C C T T C T C A T C C G 
T 1 C T T C C T A G C C A T G C A C T A T A C C T C C G A C A T T T C A A C A G C T T T C T C C T C T G 
T 2 C T T C C T A G C C A T G C A C T A C A C C T C C G A C A T T T C A A C A G C T T T T T C C T C T G 
^ GTTTCTCGCTATACACTATACATCAGACATCGCGACGGCCTTTACATCCG 
S a m p l e n a m e s ( C o d e s ) 1 1 0 
. . . . I … . I •…丨…• I . . . . I . . . . I • … I … . I … . I . . . . I 
A l T A G C C C A C A T C T G C C G A G A C G T A A A C T T C G - G A T G A C T T A T C C G A A A 
A 2 T A G C C C A C A T C T G C C G A G A C G T A A A C T T C G - G A T G A C T T A T C C G A A A 
A 3 T A G C C C A C A T C T G C C G A G A C G T A A A C T T C G - G A T G A C T T A T C C G A A A 
A 4 T A G C C C — — A C A T C T G T C G A G A C G T T A A C T T C G - G A G G A C T C A T C C G A A A 
A 5 T A G C C C — — A C A T C T G T C G A G A C G T T A A C T T C G - G A G G A C T C A T C C G A A A 
A 6 T A G C C C — — A C A T C T G T C G A G A C G T T A A C T T C G - G A G G A C T C A T C C G A A A 
B 1 G A G A C C C G G A C A A T T T T A C C C C C G C T A A C C C C C T G G T T A C T C C T C C C C A T 
B 2 G A G A C C C A G A C A A T T T C A C C C C C G C T A A C C C C C T G G T G A C T C C C C C T C A C 
C I T C G G C C A T A T T T G C C G A G A T G T C A A C T A C G - G A T G A C T T A T C C G T A A 
C 2 T C G G C C — — A T A T T T G C C G A G A T G T C A A C T A C G - G A T G A C T T A T C C G T A A 
C 3 T A G C C C — — A C A T C T G C C G A G A C G T A A A C T T C G - G A T G A C T T A T C C G A A A 
C 4 T A G C C C A C A T C T G C C G A G A C G T A A A C T T C G - G A T G A C T T A T C C G A A A 
C 5 T C G G C C A T A T T T G C C G A G A T G T C A A C T A C G - G A T G A C T T A T C C G T A A 
E l T A G C C C A C A T C T G C C G A G A C G T A A A C T T C G - G A T G A C T T A T C C G A A A 
E 2 T A G C C C A C A T C T G C C G A G A C G T A A A C T T C G - G A T G A C T T A T C C G A A A 
E 3 T A G C C C A C A T C T G C C G A G A C G T A A A C T T C G - G A T G A C T T A T C C G A A A 
E 4 T G G C T C A C A T C T G C C G G G A C G T C A A C T A C G - G C T G A C T T A T C C G A A G 
E 5 T A G C C C A C A T C T G T C G A G A C G T T A A C T T C G - G A G G A C T C A T C C G A A A 
E 6 T A G C C C A C A T C T G T C G A G A C G T T A A C T T C G - G A G G A C T C A T C C G A A A 
E 7 T A G C C C A C A T C T G T C G A G A C G T T A A C T T C G - G A G G A C T C A T C C G A A A 
G 1 T A G T C C A C A T C T G T C G T G A T G T A A A C T A C G - G C T G A C T A A T T C G G A A 
G 2 T A G C A C - - - A T A T T T G C C G G G A T G T A A A C T A C G - G C T G A C T A A T C C G A A G 
G 3 T C G C A C A T A T C T G C C G T G A C G T A A A C T T T G - G T T G A A T G A T C C G C A A 
H I T G G C T C A C A T C T G C C G G G A C G T C A A C T A C G - G C T G A C T T A T C C G A A G 
H 2 T G G C T C A C A T C T G C C G G G A C G T C A A C T A C G - G C T G A C T T A T C C G A A G 
J 1 T T G C C C A T A T T T G C C G A G A T G T A A A T T A C G - G C T G A C T A A T C C G G A A 
M l T C A C A C A C A C C T C C C G C G A T G T C A G C T A C G - G C T G A C T C C T C C G A A G 
TAGCCC ACATCTGCCGAGACGTAAACTTCG-GATGACTTATCCGAAA 
R 2 T A G C C C — — A C A T C T G C C G A G A C G T A A A C T T C G - G A T G A C T T A T C C G A A A 
5 1 T A G C C C — — A C A T C T G T C G A G A T G T A A A T T A C G - G A T G A G T C A T C C G C A A 
5 2 T A G C C C A C A T C T G T C G A G A T G T A A A T T A C G - G A T G A G T C A T C C G C A A 
T 1 T T T G C C A C A T C T G C C G A G A T G T T A G T T A C G - G C T G A C T C A T T C G A A A 
T 2 T C T G C C — — A C A T C T G C C G A G A T G T C A G C T A C G - G C T G A C T A A T T C G G A A 
^ TAGCAC ATATCTGCCGAGATGTAAATTATG-GATGACTCATCCGAAA 
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Appendix 6. (continued) 
Sample names (Codes) lo ^ 30 40 ^ 1 
. . . . I . - . . I . . . . I - . . - I - . . . I . . . . I . . . . I . . . . I . . . . I . . . . I 






B 1 A T C A A G C C C G A G T G G T A C T T T T T G T T T G C T T A C G C A A T C T T A C G C T C - C A 
B 2 A T C A A G C C T G A A T G A T A C T T C T T G T T T G C T T A C G C A A T C T T A C G C T C - C A 
CI CCTTCACGCCAACGGTGCCTCTTTCTTCTTCATTTGCATCTATATGCACA 
C 2 C C T T C A C G C C A A C G G T G C C T C T T T C T T C T T C A T T T G C A T C T A T A T G C A C A 
C 3 C C T C C A T G C A A A C G G A G C A T C A T T C T T T T T C A T C T G C A T T T A T T T C C A C A 
CCTCCATGCAAACGGAGCATCATTCTTTTTCATCTGCATTTATTTCCACA 
C5 CCTTCACGCCAACGGTGCCTCTTTCTTCTTCATTTGCATCTATATGCACA 
E l C C T C C A T G C A A A C G G A G C A T C A T T C T T T T T C A T C T G C A T T T A T T T C C A C A 
E 2 C C T C C A T G C A A A C G G A G C A T C A T T C T T T T T C A T C T G C A T T T A T T T C C A C A 
E 3 C C T C C A T G C A A A C G G A G C A T C A T T C T T T T T C A T C T G C A T T T A T T T C C A C A 
E 4 C A T T C A T G C C A A C G G C G C A T C A T T C T T T T T C A T T T G C A T C T A C C T A C A C A 
E 5 C C T T C A T G C A A A C G G C G C A T C T T T C T T C T T C A T C C G T A T T T A C T T C C A C A 
E 6 C C T T C A T G C A A A C G G C G C A T C T T T C T T C T T C A T C C G T A T T T A C T T C C A C A 
E 7 C C T T C A T G C A A A C G G C G C A T C T T T C T T C T T C A T C C G T A T T T A C T T C C A C A 
TATACATGCTAATGGTGCCTCTTTCTTTTTCATTTGTCTTTATATGCACA 
G 2 C A T G C A C G C T A A C G G T G C C T C C T T C T T C T T C A T C T G C A T C T A C A T A C A C A 
G 3 T A T G C A T G C C A A C G G A G C A T C C T T T T T C T T C G T G T G T A T T T A C T T T C A C A 
H I C A T T C A T G C C A A C G G C G C A T C A T T C T T T T T C A T T T G C A T C T A C C T A C A C A 
H 2 C A T T C A T G C C A A C G G C G C A T C A T T C T T T T T C A T T T G C A T C T A C C T A C A C A 
TCTCCACGCTAACGGAGCCTCCTTCTTCTTCATCTGCATCTATCTGCACA 
M l C A T T C A C G C C A A C G G C G C T T C C T T C T T C T T T G T A T G C A T G T A C A T A C A T A 
CCTCCATGCAAACGGAGCATCATTCTTTTTCATCTGCATTTATTTCCACA 
R 2 C C T C C A T G C A A A C G G A G C A T C A T T C T T T T T C A T C T G C A T T T A T T T C C A C A 
5 1 CTTACATGCCAACGGAGCTTCATTCTTTTTCATCTGTATTTACCTGCACA 
5 2 CTTACATGCCAACGGAGCTTCATTCTTTTTCATCTGTATTTACCTACACA 
CATCCATGCCAACGGAGCATCTTTCTTTTTTATCTGTATTTATATACATA 
T 2 CATCCACGCTAACGGAGCATCTTTCTTTTTTATTTGTATTTATATACATA 
CATGCACGCCAACGGCGCATCCTTCTTCTTCATCTGCATTTACCTCCACA 
S a m p l e n a m e s ( C o d e s ) 210 2Ab 
A l T C G G A C G A G G C C T T T A C T A C G G C T C C T A C C T C T A T A A A G A A A C A T G A A A C 
A 2 T C G G A C G A G G C C T T T A C T A C G G C T C C T A C C T C T A T A A A G A A A C A T G A A A C 
A 3 T C G G A C G A G G C C T T T A C T A C G G C T C C T A C C T C T A T A A A G A A A C A T G A A A C 
A 4 T T G G G C G A G G C C T T T A C T A C G G C T C T T A C C T C T A T A A A G A A A C A T G A A A C 
A 5 T T G G G C G A G G C C T T T A C T A C G G C T C T T A C C T C T A T A A A G A A A C A T G A A A C 
A 6 T T G G G C G A G G C C T T T A C T A C G G C T C T T A C C T C T A T A A A G A A A C A T G A A A C 
B 1 T C C C C G A C A A A C T T G G A G G T G T C C T A G C C C T C C T A G C C T C T A T T C T G G T C 
B 2 T C C C C G A C A A A C T T G G A G G A G T A C T G G C T C T C C T G G C C T C T A T C C T G G T C 
C I T C G G A C G G G G C C T T T A C T A C G G C T C C T A C C T C T A T A A A G A A A C T T G A A A T 
C 2 T C G G A C G G G G C C T T T A C T A C G G C T C C T A C C T C T A T A A A G A A A C T T G A A A T 
C 3 T C G G A C G A G G C C T T T A C T A C G G C T C C T A C C T C T A T A A A G A A A C A T G A A A C 
C 4 T C G G A C G A G G C C T T T A C T A C G G C T C C T A C C T C T A T A A A G A A A C A T G A A A C 
C 5 T C G G A C G G G G C C T T T A C T A C G G C T C C T A C C T C T A T A A A G A A A C T T G A A A T 
E l T C G G A C G A G G C C T T T A C T A C G G C T C C T A C C T C T A T A A A G A A A C A T G A A A C 
E 2 T C G G A C G A G G C C T T T A C T A C G G C T C C T A C C T C T A T A A A G A A A C A T G A A A C 
E 3 T C G G A C G A G G C C T T T A C T A C G G C T C C T A C C T C T A T A A A G A A A C A T G A A A C 
E 4 T C G G C C G A G G G C T C T A C T A T G G C T C A T A C C T C T A T A A A G A A A C A T G A A C T 
E 5 T T G G G C G A G G C C T T T A C T A C G G C T C T T A C C T C T A T A A A G A A A C A T G A A A C 
E 6 T T G G G C G A G G C C T T T A C T A C G G C T C T T A C C T C T A T A A A G A A A C A T G A A A C 
E 7 T T G G G C G A G G C C T T T A C T A C G G C T C T T A C C T C T A T A A A G A A A C A T G A A A C 
TTGCCCGAGGTCTCTATTATGGTTCCTATCTTTTTGTAGAGACATGAAAC 
G 2 T C G C C C G C G G C C T C T A C T A C G G A T C A T A C C T C T A C A A A G A G A C A T G A A A T 
G 3 T C G G C C G A G G A C T G T A C T A C G G C T C A T A T C T A T A C A A G G A G A C A T G A A A C 
H I T C G G C C G A G G G C T C T A C T A T G G C T C A T A C C T C T A T A A A G A A A C A T G A A C T 
H 2 T C G G C C G A G G G C T C T A C T A T G G C T C A T A C C T C T A T A A A G A A A C A T G A A C T 
TCGGACGGGGTCTTTACTACGGCTCCTATCTCTATAAAGAAACCTGGAAC 
M l T C G G C C G A G G C C T T T A T T A C G G A T C C T A C T T A T A T A A A G A G A C A T G A A A C 
TCGGACGAGGCCTTTACTACGGCTCCTACCTCTATAAAGAAACATGAAAC 
R 2 T C G G A C G A G G C C T T T A C T A C G G C T C C T A C C T C T A T A A A G A A A C A T G A A A C 
5 1 TCGGACGAGGATTATATTATGGCTCTTACTTATATAAAGAAACCTGAAAT 
5 2 TCGGACGAGGATTATATTATGGCTCTTACTTATATAAAGAAACCTGAAAT 
TCGCCCGAGGACTTTACTACGGCTCGTACCTCTACAAAGAAACCTGGAAT 
T 2 TCGCCCGGGGACTTTATTACGGATCCTACCTGTACAAAGAAACCTGGAAT 
^ TTGGCCGAGGTCTTTACTATGGCTCCTATCTATACAAAGAAACATGGAAT 
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Appendix 4. (continued) 
S a m p l e n a m e s ( C o d e s ) 2 6 0 TTO ^ 
.…丨 . . . . I•…丨.…丨…-丨.…丨…•I . . . . I . . . . I . . . . I . . . . I . . . . I 
A l A T T G G C G T A G T C C T T C T A C T G C T C G T - T A T A A T A A C A G C C T T C G T C G G C T A T G T A C T T C C 
A 2 A T T G G C G T A G T C C T T C T A C T G C T C G T - T A T A A T A A C A G C C T T C G T C G G C T A T G T A C T T C C 
A 3 A T T G G C G T A G T C C T T C T A C T G C T C G T - T A T A A T A A C A G C C T T C G T C G G C T A T G T A C T T C C 
A 4 A T C G G T G T A A T C C T C C T C C T T C T A G T - A A T A A T A A C T G C C T T T G T T G G C T A C G T A C T T C C 
A 5 A T C G G T G T A A T C C T C C T C C T T C T A G T - A A T A A T A A C T G C C T T T G T T G G C T A C G T A C T T C C 
A 6 A T C G G T G T A A T C C T C C T C C T T C T A G T - A A T A A T A A C T G C C T T T G T T G G C T A C G T A C T T C C 
B 1 C T C C T C G T T G T C C C G T T T C T T C A C A C G T G C A A A C T A C G G A G C C T C A C T T T T C G C C C C C T C 
B 2 C T C C T G G T T G T C C C G T T T C T C C A C A C G T G T A A G C T A C G G A G C C T C A C T T T T C G C C C C C T C 
C I A T T G G G G T C G T C C T C C T C C T C C T T G T - A A T A A T A A C C G C T T T C G T G G G A T A C G T C C T C C C 
C 2 A T T G G G G T C G T C C T C C T C C T C C T T G T - A A T A A T A A C C G C T T T C G T G G G A T A C G T C C T C C C 
C 3 A T T G G C G T A G T C C T T C T A C T G C T C G T - T A T A A T A A C A G C C T T C G T C G G C T A T G T A C T T C C 
C 4 A T T G G C G T A G T C C T T C T A C T G C T C G T - T A T A A T A A C A G C C T T C G T C G G C T A T G T A C T T C C 
C 5 A T T G G G G T C G T C C T C C T C C T C C T T G T - A A T A A T A A C C G C T T T C G T G G G A T A C G T C C T C C C 
E l A T T G G C G T A G T C C T T C T A C T G C T C G T - T A T A A T A A C A G C C T T C G T C G G C T A T G T A C T T C C 
E 2 A T T G G C G T A G T C C T T C T A C T G C T C G T - T A T A A T A A C A G C C T T C G T C G G C T A T G T A C T T C C 
E 3 A T T G G C G T A G T C C T T C T A C T G C T C G T - T A T A A T A A C A G C C T T C G T C G G C T A T G T A C T T C C 
E 4 A T T G G A G T C G T C C T C C T C C T C C T C G T - A A T A A T A A C G G C C T T C G T C G G A T A C G T C C T C C C 
E 5 A T C G G T G T A A T C C T C C T C C T T C T A G T - A A T A A T A A C T G C C T T T G T T G G C T A C G T A C T T C C 
E 6 A T C G G T G T A A T C C T C C T C C T T C T A G T - A A T A A T A A C T G C C T T T G T T G G C T A C G T A C T T C C 
E 7 A T C G G T G T A A T C C T C C T C C T T C T A G T - A A T A A T A A C T G C C T T T G T T G G C T A C G T A C T T C C 
A T C G G G G T T G T C C T T T T C C T T T T A G T - A A T A A T A A C C T C T T T C G T A G G T T A T G T C C T C C C 
G 2 G T A G G A G T C A T C C T T C T A C T C C T A G T - C A T G G C C A C T G C T T T C G T C G G A T A C G T C C T T C C 
G 3 A T T G G A G T A A T C C T C C T T C T A C T A A C - A A T A A T G A C T G C C T T C G T C G G C T A T G T C C T C C C 
H I A T T G G A G T C G T C C T C C T C C T C C T C G T - A A T A A T A A C G G C C T T C G T C G G A T A C G T C C T C C C 
H 2 A T T G G A G T C G T C C T C C T C C T C C T C G T - A A T A A T A A C G G C C T T C G T C G G A T A C G T C C T C C C 
J 1 G T G G G G G T G G T C C T T C T G C T T C T G G T - A A T G A T A A C T G C T T T C G T A G G C T A C G T C C T C C C 
M l G T C G G C G T A A T T C T C C T G C T T C T A G T - A A T A A T A A C T G C C T T C G T A G G T T A C G T C C T G C C 
A T T G G C G T A G T C C T T C T A C T G C T C G T - T A T A A T A A C A G C C T T C G T C G G C T A T G T A C T T C C 
R 2 A T T G G C G T A G T C C T T C T A C T G C T C G T - T A T A A T A A C A G C C T T C G T C G G C T A T G T A C T T C C 
5 1 A T T G G A G T A G T A C T T C T C C T A T T A G T - T A T A A T A A C C G C C T T C G T C G G A T A T G T T T T A C C 
5 2 A T T G G A G T A G T A C T T C T C C T A T T A G T - T A T A A T A A C C G C C T T C G T C G G A T A T G T T T T A C C 
A T C G G A G T T G T A C T T T T A C T T C T C A C - T A T A A T A A C T G C C T T T G T A G G C T A C G T C C T C C C 
T 2 A T C G G A G T T G T A C T T T T A C T T C T C A C - T A T A A T A A C T G C A T T C G T G G G C T A C G T C C T C C C 
^ A T T G G A G T T G T T C T C C T T C T C C T A G T - A A T G A T G A C C G C T T T C G T A G G T T A T G T A T T A C C 
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Appendix 5. Sequence alignment of cytochrome 
oxidase subunit 丨 gene region of fish steak 
samples 
S a m p l e n a m e s ( C o d e s ) 1 0 2 0 ^ 4 0 ^ 
• … I . . . • I . … 丨 … . I . . . . I • … I . . . . I . . . . I . . . . I . . . . I 
A l T G G T G A T G A G C T G G T A T A G T A G G C A C A G C C T T A A G C C T A C T T A T C C G G G C 
A 2 T G G T G A T G A G C T G G T A T A G T A G G C A C A G C C T T A A G C C T A C T T A T C C G G G C 
A 3 T G G T G A T G A G C T G G T A T A G T A G G C A C A G C C T T A A G C C T A C T T A T C C G G G C 
A 4 G G G G C A T G A G C T G G T A T A G T G G G G A C A C C C C T A A G C C T C C T C A T C C G A G C 
A 5 G G G G C A T G A G C T G G T A T A G T G G G G A C A G C C C T A A G C C T C C T C A T C C G A G C 
A 6 T G G G C A T G A G C T G G T A T A G T G G G G A - A G C C C T A A G C C T C C T C A T C C G A G C 
B 1 G G C G C C T G G G C C G G A A T A G T A G G T A C A G C C C T T A G C C T G C T C A T C C G G G C 
B 2 G G C G C T T G A G C C G G A A T A G T A G G C A C A G C C C T T A G C C T G C T C A T C C G G G C 
C I G G T G C A T G A G C C G G A A T A G T A G G C A C A G C A T T A A G C C T T C T C A T C C G A G C 
C 2 G G T G C A T G A G C C G G A A T A G T A G G C A C A G C A T T A A G C C T T C T C A T C C G A G C 
C 3 T G G T G A T G A G C T G G T A T A G T A G G C A C A G C C T T A A G C C T A C T T A T C C G G G C 
C 4 T G G T G A T G A G C T G G T A T A G T A G G C A C A G C C T T A A G C C T A C T T A T C C G G G C 
C 5 G G T G C A T G A G C C G G A A T A G T A G G C A C A G C A T T A A G C C T T C T C A T C C G A G C 
E l T G G T G A T G A G C T G G T A T A G T A G G C A C A G C C T T A A G C C T A C T T A T C C G G G C 
E 2 T G G T G A T G A G C T G G T A T A G T A G G C A C A G C C T T A A G C C T A C T T A T C C G G G C 
E 3 T G G T G A T G A G C T G G T A T A G T A G G C A C A G C C T T A A G C C T A C T T A T C C G G G C 
E 4 G G T G C C T G A G C C G G T A T A G T G G G A A C A G G C C T A A G T C T G C T T A T T C G G G C 
E 5 G G T G C A T G A G C T G G T A T A G T G G G G A - A G C C C T A A G C C T C C T C A T C C G A G C 
E 6 T G G G C A T G A G C T G G T A T A G T G G G G A - A G C C C T A A G C C T C C T C A T C C G A G C 
E 7 G G T G C A T G A G C T G G T A T A G T G G G G A - A G C C C T A A G C C T C C T C A T C C G A G C 
G 1 G G T G C C T G A G C C G G C A T A G T C G G A A C A G C C C T A A G C C T A C T C A T T C G A G C 
G 2 G G T G C T T G A G C C G G A A T A G T A G G G A C A G C C T T A A G T C T C C T T A T T C G G G C 
G 3 G G G G C A T G A G C T G G G A T A G T A G G G A C C G C T C T A A G C C T C C T T A T T C G T G C 
H I G G T G C C T G A G C C G G T A T A G T G G G A A C A G G C C T A A G T C T G C T T A T T C G G G C 
H 2 G G T G C C T G A G C C G G T A T A G T G G G A A C A G G C C T A A G T C T G C T T A T T C G G G C 
J 1 G G G T G C T G A G C C G G A A T A G T A G G C A C T G C C T T A A G C C T A C T C A T T C G A G C 
M l G G T G C A T G A G C T G C T A T A G T T G G A A C A G C T T T A A G T C T C C T C A T C C G A G C 
R 1 T G G T G A T G A G C T G G T A T A G T A G G C A C A G C C T T A A G C C T A C T T A T C C G G G C 
R 2 T G G T G A T G A G C T G G T A T A G T A G G C A C A G C C T T A A G C C T A C T T A T C C G G G C 
5 1 GGTGCCTGAGCAGGAATAGTTGGTACGGCCCTCAGCCTCCTAATTCGGGC 
5 2 GGTGCCTGAGCAGGAATAGTTGGTACGGCCCTCAGCCTCCTAATTCGGGC 
T 1 GGTGCCTGAGCCGGGATAGTAGGCACCGCCCTAAGTCTACTGATTCGAGC 
T 2 GGTGCCTGAGCCGGGATAGTAGGCACCGCCCTGAGCCTACTAATTCGGGC 
^ GGTGCTTGAGCCGGTATAGTAGGCACAGCCCTAAGTCTACTAATCCGAGC 
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Appendix 6. (continued) 
Sample names (Codes) lo ^ 30 40 ^ 1 
.…丨•…I … • I . . . . I … . I • . . . I • … I … . I . . . . I . . . . I 
A l T G A G C T A A G C C A G C C G G G C G C C C T T C T T G G G G A T G A C C A G A T T T A C A A T G 
A 2 T G A G C T A A G C C A G C C G G G C G C C C T T C T T G G G G A T G A C C A G A T T T A C A A T G 
A 3 T G A G C T A A G C C A G C C G G G C G C C C T T C T T G G G G A T G A C C A G A T T T A C A A T G 
A 4 T G A A C T A A G C C A A C C A G G G G C C C T T T T T G G A G A C G A C C A A A T T T A T A A T G 
A 5 T G A A C T A A G C C A A C C A G G C G C C C T T T T T G G A G G C G A C C A A A T T T A T A A T G 
A 6 T G A A C T A A G C C A A C C A G G C G C C C T T C T C G G A G A C G A C C A A A T T T A T A A T G 
B 1 A G A A C T T A G C C A A C C T G G C G C C C T A T T G G G G G A C G A C C A A A T C T A T A A C G 
B 2 A G A A C T C A G C C A A C C T G G C G C C C T A T T G G G A G A C G A C C A A A T T T A T A A C G 
C I A G A G T T A A G C C A A C C T G G C G C C C T C T T G G G C G A C G A C C A A A T C T A T A A C G 
C 2 A G A G T T A A G C C A A C C T G G C G C C C T C T T G G G C G A C G A C C A A A T C T A T A A C G 
C 3 T G A G C T A A G C C A G C C G G G C G C C C T T C T T G G G G A T G A C C A G A T T T A C A A T G 
C 4 T G A G C T A A G C C A G C C G G G C G C C C T T C T T G G G G A T G A C C A G A T T T A C A A T G 
C 5 A G A G T T A A G C C A A C C T G G C G C C C T C T T G G G C G A C G A C C A A A T C T A T A A C G 
E l T G A G C T A A G C C A G C C G G G C G C C C T T C T T G G G G A T G A C C A G A T T T A C A A T G 
E 2 T G A G C T A A G C C A G C C G G G C G C C C T T C T T G G G G A T G A C C A G A T T T A C A A T G 
E 3 T G A G C T A A G C C A G C C G G G C G C C C T T C T T G G G G A T G A C C A G A T T T A C A A T G 
E 4 A G A A C T A A G C C A A C C T G G G G C T C T C C T T G G A G A C G A C C A A A T T T A T A A C G 
E 5 T G A A C T C A G C C A A C C A G G C G C C C T T C T C G G A G A C G A C C A A A T T T A T A A T G 
E 6 T G A A C T A A G C C A A C C A G G C G C C C T T C T C G G A G A C G A C C A A A T T T A T A A T G 
E 7 T G A A C T C A G C C A A C C A G G C G C C C T T C T C G G A G A C G A C C A A A T T T A T A A T G 
G 1 A G A G C T A A G T C A A C C T G G T G C A C T C C T A G G T G A T G A T C A A A T T T A T A A T G 
G 2 A G A A C T A A G C C A A C C C G G C G C T C T C C T A G G A G A C G A T C A A A T T T A T A A C G 
G 3 G G A A C T A A G C C A G C C C G G C G C A C T T C T A G G T G A C G A T C A G A T T T A T A A T G 
H I A G A A C T A A G C C A A C C T G G G G C T C T C C T T G G A G A C G A C C A A A T T T A T A A C G 
H 2 A G A A C T A A G C C A A C C T G G G G C T C T C C T T G G A G A C G A C C A A A T T T A T A A C G 
J 1 A G A A C T A A G C C A G C C C G G C G C C C T T C T T G G G G A C G A C C A G A T T T A T A A T G 
M l C G A G C T C A G C C A A C C C G G C G C C C T C C T C G G G G A C G A C C A A A T C T A T A A T G 
R 1 T G A G C T A A G C C A G C C G G G C G C C C T T C T T G G G G A T G A C C A G A T T T A C A A T G 
R 2 T G A G C T A A G C C A G C C G G G C G C C C T T C T T G G G G A T G A C C A G A T T T A C A A T G 
5 1 A G A G C T A G C C C A A C C C G G C G C C C T T C T A G G C G A C G A C C A A A T T T A T A A T G 
5 2 A G A G C T A G C C C A A C C C G G C G C C C T T C T A G G C G A C G A C C A A A T T T A T A A T G 
T 1 A G A A C T G A G C C A G C C G G G C G C T C T T C T A G G G G A T G A T C A G A T T T A C A A C G 
T 2 A G A A C T A A G C C A G C C A G G C G C T C T T C T A G G G G A T G A C C A G A T C T A C A A C G 
^ A G A A C T C A G C C A A C C T G G C G C C C T A C T A G G G G A T G A C C A G A T T T A C A A C G 
S a m p l e n a m e s ( C o d e s ) I l O 1 3 0 
• … I •…丨.…I . … 丨 … . 丨 … • 丨 . . . . I • … 丨 . . . . I . . . . I 
A l T A A T T G T T A C G G C A C A T G C C T T C G T A A T A A T T T T C T T T A T A G T A A T A C C A 
A 2 T A A T T G T T A C G G C A C A T G C C T T C G T A A T A A T T T T C T T T A T A G T A A T A C C A 
A 3 T A A T T G T T A C G G C A C A T G C C T T C G T A A T A A T T T T C T T T A T A G T A A T A C C A 
A 4 T A A T C G T T A C G G C A C A C G C C T T C G T A A T A A T C T T C T T T A T A G T A A T A C C A 
A 5 T A A T C G T T A C G G C A C A C G C C T T C G T A A T A A T C T T C T T T A T A G T A A T A C C A 
A 6 T A A T C G T T A C G G C A C A C G C C T T C G T A A T A A T C T T C T T T A T A G T A A T A C C A 
B 1 T A A T T G T T A C C G C T C A C G C C T T C G T A A T A A T C T T C T T T A T A G T C A T A C C G 
B 2 T G A T T G T T A C C G C T C A C G C C T T C G T A A T A A T C T T T T T T A T G G T C A T A C C G 
C I T A A T T G T T A C T G C A C A T G C T T T C G T A A T A A T T T T C T T T A T A G T A A T G C C A 
C 2 T A A T T G T T A C T G C A C A T G C T T T C G T A A T A A T T T T C T T T A T A G T A A T G C C A 
C 3 T A A T T G T T A C G G C A C A T G C C T T C G T A A T A A T T T T C T T T A T A G T A A T A C C A 
C 4 T A A T T G T T A C G G C A C A T G C C T T C G T A A T A A T T T T C T T T A T A G T A A T A C C A 
C 5 T A A T T G T T A C T G C A C A T G C T T T C G T A A T A A T T T T C T T T A T A G T A A T G C C A 
E l T A A T T G T T A C G G C A C A T G C C T T C G T A A T A A T T T T C T T T A T A G T A A T A C C A 
E 2 T A A T T G T T A C G G C A C A T G C C T T C G T A A T A A T T T T C T T T A T A G T A A T A C C A 
E 3 T A A T T G T T A C G G C A C A T G C C T T C G T A A T A A T T T T C T T T A T A G T A A T A C C A 
E 4 T A A T C G T C A C C G C A C A C G C C T T T G T A A T A A T C T T T T T T A T A G T A A T A C C C 
E 5 T A A T C G T T A C G G C A C A C G C C T T C G T A A T A A T C T T C T T T A T A G T A A T A C C A 
E 6 T A A T C G T T A C G G C A C A C G C C T T C G T A A T A A T C T T C T T T A T A G T A A T A C C A 
E 7 T A A T C G T T A C G G C A C A C G C C T T C G T A A T A A T C T T C T T T A T A G T A A T A C C A 
G 1 T G A T C G T T A C A G C G C A C G C T T T C G T A A T A A T T T T C T T T A T A G T A A T A C C A 
G 2 T A A T C G T A A C A G C T C A C G C C T T T G T T A T G A T T T T C T T C A T A G T A A T A C C A 
G 3 T T A T C G T T A C C G C A C A T G C T T T C G T A A T G A T T T T C T T T A T A G T C A T A C C A 
H I T A A T C G T C A C C G C A C A C G C C T T T G T A A T A A T C T T T T T T A T A G T A A T A C C C 
H 2 T A A T C G T C A C C G C A C A C G C C T T T G T A A T A A T C T T T T T T A T A G T A A T A C C C 
J 1 T A A T C G T A A C A G C C C A C G C C T T C G T A A T G A T T T T C T T T A T A G T A A T G C C A 
M l T G A T T G T T A C G G C A C A T G C C T T T G T C A T A A T C T T C T T T A T A G T A A T A C C C 
R 1 T A A T T G T T A C G G C A C A T G C C T T C G T A A T A A T T T T C T T T A T A G T A A T A C C A 
R 2 TAATTGTTACGGCACATGCCTTCGTAATAATTTTCTTTATAGTAATACCA 
5 1 T T A T T G T C A C T G C C C A T G C C T T C G T A A T A A T T T T C T T T A T A G T A A T A C C A 
5 2 T T A T T G T C A C T G C C C A T G C C T T C G T A A T A A T T T T C T T T A T A G T A A T A C C A 
T 1 T A A T C G T C A C A G C C C A T G C C T T C G T T A T G A T T T T C T T T A T A G T C A T G C C G 
T 2 T A A T C G T T A C A G C C C A T G C C T T C G T T A T A A T T T T C T T T A T A G T C A T A C C A 
^ T A A T C G T T A C A G C T C A C G C C T T T G T A A T G A T C T T C T T T A T A G T A A T G C C A 
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Appendix 6. (continued) 
Sample names (Codes) lo ^ 30 40 ^ 1 
. … I . - . . I . … 丨 . … “ … ！ … . I . . . . I . . . . I . . . . I . . . . I 
A l A T T A T G A T T G G A G G G T T T G G A A A C T G G C T C A T C C C T C T A A T A A T C G G A G C 
A 2 A T T A T G A T T G G A G G G T T T G G A A A C T G G C T C A T C C C T C T A A T A A T C G G A G C 
A 3 A T T A T G A T T G G A G G G T T T G G A A A C T G G C T C A T C C C T C T A A T A A T C G G A G C 
A 4 G T C A T G A T C G G A G G A T T T G G G A A C T G A C T T A T C C C T C T A A T A A T T G G A G C 
A 5 G T C A T G A T C G G A G G A T T T G G G A A C T G A C T T A T C C C T C T A A T A A T T G G A G C 
A 6 G T C A T G A T C G G A G G A T T T G G G A A C T G A C T T A T C C C T C T A A T A A T T G G A G C 
B l A T C A T A A T C G G A G G C T T C G G A A A C T G A C T C A T C C C C C T C A T G A T C G G G G C 
B 2 A T T A T A A T T G G A G G C T T C G G A A A C T G A C T C A T C C C C C T C A T G A T C G G A G C 
C I A T T A T G A T C G G C G G G T T T G G A A A C T G A C T C A T C C C A C T A A T G A T C G G A G C 
C 2 A T T A T G A T C G G C G G G T T T G G A A A C T G A C T C A T C C C A C T A A T G A T C G G A G C 
C 3 A T T A T G A T T G G A G G G T T T G G A A A C T G G C T C A T C C C T C T A A T A A T C G G A G C 
C 4 A T T A T G A T T G G A G G G T T T G G A A A C T G G C T C A T C C C T C T A A T A A T C G G A G C 
C 5 A T T A T G A T C G G C G G G T T T G G A A A C T G A C T C A T C C C A C T A A T G A T C G G A G C 
E l A T T A T G A T T G G A G G G T T T G G A A A C T G G C T C A T C C C T C T A A T A A T C G G A G C 
E 2 A T T A T G A T T G G A G G G T T T G G A A A C T G G C T C A T C C C T C T A A T A A T C G G A G C 
E 3 A T T A T G A T T G G A G G G T T T G G A A A C T G G C T C A T C C C T C T A A T A A T C G G A G C 
E 4 A T T A T G A T C G G G G G T T T C G G A A A C T G G C T T A T T C C A C T A A T A A T T G G A G C 
E 5 G T C A T G A T C G G A G G A T T T G G G A A C T G A C T T A T C C C T C T A A T A A T T G G A G C 
E 6 G T C A T G A T C G G A G G A T T T G G G A A C T G A C T T A T C C C T C T A A T A A T T G G A G C 
E 7 G T C A T G A T C G G A G G A T T T G G G A A C T G A C T T A T C C C T C T A A T A A T T G G A G C 
G l C T A A T A A T T G G A G G C T T T G G G A A C T G A C T C A T T C C T C T A A T G A T C G G T G C 
G 2 A T T A T A A T T G G C G G C T T C G G G A A C T G A C T A A T T C C T C T T A T G A T C G G C G C 
G 3 A T C A T G A T C G G A G G C T T C G G A A A T T G G C T C G T G C C C C T A A T G A T C G G G G C 
H I A T T A T G A T C G G G G G T T T C G G A A A C T G G C T T A T T C C A C T A A T A A T T G G A G C 
H 2 A T T A T G A T C G G G G G T T T C G G A A A C T G G C T T A T T C C A C T A A T A A T T G G A G C 
J 1 A T C A T A A T T G G G G G C T T T G G A A A C T G A C T T A T C C C T C T A A T A A T T G G A G C 
M l G T A A T G A T T G G A G G C T T C G G A A A T T G A C T T G T G C C C C T G A T A A T T G G T G C 
R l A T T A T G A T T G G A G G G T T T G G A A A C T G G C T C A T C C C T C T A A T A A T C G G A G C 
R 2 A T T A T G A T T G G A G G G T T T G G A A A C T G G C T C A T C C C T C T A A T A A T C G G A G C 
5 1 A T T A T A A T T G G A G G C T T T G G A A A C T G A C T T G T C C C C T T A A T A A T T G G A G C 
5 2 A T T A T A A T T G G A G G C T T T G G A A A C T G A C T T G T C C C C T T A A T A A T T G G A G C 
T 1 A T T A T G A T C G G A G G C T T T G G A A A C T G A T T A A T C C C C C T A A T G A T C G G A G C 
T 2 A T T A T A A T C G G A G G C T T T G G A A A C T G A T T A A T C C C C C T A A T G A T C G G G G C 
^ A T C A T G A T T G G A G G G T T C G G A A A T T G A C T A A T T C C C C T A A T G A T T G G A G C 
S a m p l e n a m e s ( C o d e s ) 2 1 0 2 2 0 2 3 0 2 4 0 2 5 0 
• … 丨 . … I … . I … • I . . . • I . … I … . I … • I . . . • I • … I 
A l C C C C G A C A T A G C A T T C C C C C G A A T A A A T A A C A T G A G C T T T T G A C T T C T T C 
A 2 C C C C G A C A T A G C A T T C C C C C G A A T A A A T A A C A T G A G C T T T T G A C T T C T T C 
A 3 C C C C G A C A T A G C A T T C C C C C G A A T A A A T A A C A T G A G C T T T T G A C T T C T T C 
A 4 C C C C G A C A T A G C A T T C C C T C G A A T G A A T A A C A T A A G C T T T T G A C T T C T G C 
A 5 C C C C G A C A T A G C A T T C C C T C G A A T G A A T A A C A T A A G C T T T T G A C T T C T G C 
A 6 C C C C G A C A T A G C A T T C C C T C G A A T G A A T A A C A T A A G C T T T T G A C T T C T G C 
B l C C C C G A C A T G G C T T T C C C T C G A A T A A A T A A T A T G A G T T T C T G G C T C C T C C 
B 2 C C C C G A C A T G G C T T T C C C C C G A A T A A A T A A T A T G A G T T T C T G G C T C C T C C 
C I T C C C G A T A T A G C A T T C C C T C G A A T A A A C A A C A T A A G C T T T T G A T T A C T C C 
C 2 T C C C G A T A T A G C A T T C C C T C G A A T A A A C A A C A T A A G C T T T T G A T T A C T C C 
C 3 C C C C G A C A T A G C A T T C C C C C G A A T A A A T A A C A T G A G C T T T T G A C T T C T T C 
C 4 C C C C G A C A T A G C A T T C C C C C G A A T A A A T A A C A T G A G C T T T T G A C T T C T T C 
C 5 T C C C G A T A T A G C A T T C C C T C G A A T A A A C A A C A T A A G C T T T T G A T T A C T C C 
E l C C C C G A C A T A G C A T T C C C C C G A A T A A A T A A C A T G A G C T T T T G A C T T C T T C 
E 2 C C C C G A C A T A G C A T T C C C C C G A A T A A A T A A C A T G A G C T T T T G A C T T C T T C 
E 3 C C C C G A C A T A G C A T T C C C C C G A A T A A A T A A C A T G A G C T T T T G A C T T C T T C 
E 4 C C C A G A T A T G G C T T T C C C T C G A A T A A A T A A C A T G A G T T T C T G A C T T C T T C 
E 5 C C C C G A C A T A G C A T T C C C T C G A A T G A A T A A C A T A A G C T T T T G A C T T C T G C 
E 6 C C C C G A C A T A G C A T T C C C T C G A A T G A A T A A C A T A A G C T T T T G A C T T C T G C 
E 7 C C C C G A C A T A G C A T T C C C T C G A A T G A A T A A C A T A A G C T T T T G A C T T C T G C 
G l C C C C G A T A T A G C T T T C C C T C G A A T A A A T A A C A T A A G C T T C T G A C T T C T C C 
G 2 C C C C G A C A T A G C A T T C C C C C G A A T A A A C A A C A T A A G C T T C T G A C T T C T C C 
G 3 C C C T G A T A T A G C G T T T C C T C G A A T G A A T A A C A T G A G C T T T T G A C T C C T C C 
H I C C C A G A T A T G G C T T T C C C T C G A A T A A A T A A C A T G A G T T T C T G A C T T C T T C 
H 2 C C C A G A T A T G G C T T T C C C T C G A A T A A A T A A C A T G A G T T T C T G A C T T C T T C 
J 1 CCCGGATATGGCATTCCCCCGAATAAATAATATGAGCTTCTGACTACTTC 
M l C C C T G A T A T A G C A T T C C C T C G A A T A A A T A A T A T G A G C T T T T G A C T T C T T C 
R l C C C C G A C A T A G C A T T C C C C C G A A T A A A T A A C A T G A G C T T T T G A C T T C T T C 
R 2 C C C C G A C A T A G C A T T C C C C C G A A T A A A T A A C A T G A G C T T T T G A C T T C T T C 
5 1 G C C T G A T A T G G C A T T C C C T C G A A T A A A T A A T A T G A G T T T T T G A T T A C T T C 
5 2 G C C T G A T A T G G C A T T C C C T C G A A T A A A T A A T A T G A G T T T T T G A T T A C T T C 
T 1 C C C T G A T A T G G C A T T C C C T C G A A T A A A T A A C A T A A G C T T C T G A C T C C T T C 
T 2 A C C A G A T A T A G C A T T C C C A C G A A T A A A T A A C A T A A G C T T C T G A C T C C T A C 
^ C C C C G A T A T A G C A T T C C C T C G A A T G A A T A A C A T A A G C T T C T G A C T C C T C C 
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Appendix 18. (continued) 
S a m p l e n a m e s ( C o d e s ) 210 ^ ^ ^ 
…小…！…•丨….1....1....丨....丨....丨....1....1 
A l C C C C T T C C T T C C T T C T G C T T C T G G C C T C T T C C G G G G T T G A A G C C G G A G C C 
A 2 C C C C T T C C T T C C T T C T G C T T C T G G C C T C T T C C G G G G T T G A A G C C G G A G C C 
A 3 C C C C T T C C T T C C T T C T G C T T C T G G C C T C T T C C G G G G T T G A A G C C G G A G C C 
A 4 C T C C A T C C T T C C T C C T G C T A T T A G C C T C T T C A G G A G T T G A A G C C G G A G C T 
A 5 C T C C A T C C T T C C T C C T G A T A T T A G C C T C T T C A G G A G T T G A A G C C G G A G C T 
A 6 C T C C A T C C T T C C T C C T G C T A T T A G C C T C T T C A G G A G T T G A A G C C G G A G C T 
B 1 C T C C C T C C T T C C T A C T C T T A C T A G C T T C T T C A G G T G T A G A A G C C G G G G C G 
B 2 C T C C C T C C T T C C T A C T A T T A C T A G C T T C T T C A G G T G T A G A A G C C G G G G C G 
C I C C C C T T C T T T C C T G C T T C T T C T C G C C T C T T C T G G T G T A G A A G C C G G G G C A 
C 2 C C C C T T C T T T C C T G C T T C T T C T C G C C T C T T C T G G T G T A G A A G C C G G G G C A 
CCCCTTCCTTCCTTCTGCTTCTGGCCTCTTCCGGGGTTGAAGCCGGAGCC 
CCCCTTCCTTCCTTCTGCTTCTGGCCTCTTCCGGGGTTGAAGCCGGAGCC 
C 5 C C C C T T C T T T C C T G C T T C T T C T C G C C T C T T C T G G T G T A G A A G C C G G G G C A 
E l C C C C T T C C T T C C T T C T G C T T C T G G C C T C T T C C G G G G T T G A A G C C G G A G C C 
E 2 C C C C T T C C T T C C T T C T G C T T C T G G C C T C T T C C G G G G T T G A A G C C G G A G C C 
E 3 C C C C T T C C T T C C T T C T G C T T C T G G C C T C T T C C G G G G T T G A A G C C G G A G C C 
E 4 C C C C A T C C T T T C T T C T C C T C T T A G C C T C T T C A G G T G T T G A A G C T G G G G C A 
E 5 C T C C A T C C T T C C T C C T G C T A T T A G C C T C T T C A G G A G T T G A A G C C G G A G C T 
E 6 C T C C A T C C T T C C T C C T G C T A T T A G C C T C T T C A G G A G T T G A A G C C G G A G C T 
E 7 C T C C A T C C T T C C T C C T G C T A T T A G C C T C T T C A G G A G T T G A A G C C G G A G C T 
CTCCATCTTTCCTGCTCCTTTTAGCATCCTCTGGTGTAGAAGCTGGAGCT 
G 2 C C C C T T C A T T C C T T C T T C T C C T A G C T T C C T C T G G T G T A G A A G C C G G A G C G 
G 3 C G C C C T C T T T C T T T C T T C T C C T A G T C T C T T C T G G G G T A G A G G C T G G A G C C 
H I C C C C A T C C T T T C T T C T C C T C T T A G C C T C T T C A G G T G T T G A A G C T G G G G C A 
H 2 C C C C A T C C T T T C T T C T C C T A T T A G C C T C T T C A G G T G T T G A A G C T G G G G C A 
J l C T C C C T C C T T C C T C C T A C T T C T T G C C T C T T C A G G G G T T G A A G C T G G G G C C 
M l C C C C C T C T C T G C T A C T T C T C C T T G C C T C C T C C G C C G T A G A A G C T G G T G C T 
CCCCTTCCTTCCTTCTGCTTCTGGCCTCTTCCGGGGTTGAAGCCGGAGCC 
R 2 C C C C T T C C T T C C T T C T G C T T C T G G C C T C T T C C G G G G T T G A A G C C G G A G C C 
5 1 CGCCTTCCTTCCTACTATTGCTTGCCTCCTCTGGAGTAGAAGCAGGGGCA 
5 2 CGCCTTCCTTCCTACTATTGCTTGCCTCCTCTGGAGTAGAAGCAGGGGCA 
T 1 CGCCATCCTTTCTCCTCCTCCTATCTTCCTCTGGAGTTGAAGCCGGGGCT 
T 2 CTCCGTCCTTCCTCCTCCTCCTTTCTTCATCTGGAGTTGAAGCCGGCGCT 
^ CTCCATCATTCCTCCTCCTCCTTGCTTCTTCTGGAGTTGAAGCTGGCGCT 
S a m p l e n a m e s ( C o d e s ) 3 1 0 ^ 3 4 0 
•…丨.…丨•…I . . . . I … . I • . . . I . . . • I . . . . I . . . . I . . . . I 
A l G G A A C C G G A T G A A C A G T T T A T C C C C C T C T C G C C G G A A A C C T A G C C C A T G C 
A 2 G G A A C C G G A T G A A C A G T T T A T C C C C C T C T C G C C G G A A A C C T A G C C C A T G C 
A 3 G G A A C C G G A T G A A C A G T T T A T C C C C C T C T C G C C G G A A A C C T A G C C C A T G C 
A 4 G G A A C C G G G T G G A C A G T A T A C C C T C C C C T G G C C G G T A A T T T A G C C C A T G C 
A 5 G G A A C C G G G T G G A C A G T A T A C C C T C C C C T G G C C G G T A A T T T A G C C C A T G C 
A 6 G G A A C C G G G T G G A C A G T A T A C C C T C C C C T G G C C G G T A A T T T A G C C C A T G C 
GGAACCGGCTGAACTGTCTATCCCCCCCTCTCTGGAAACTTAGCCCACGC 
B 2 G G A A C C G G C T G G A C C G T C T A T C C C C C C C T C T C T G G A A A C T T A G C C C A C G C 
C I G G G A C A G G G T G A A C A G T A T A C C C C C C T C T C G C C A G T A A C T T G G C C C A T G C 
C 2 G G G A C A G G G T G A A C A G T A T A C C C C C C T C T C G C C A G T A A C T T G G C C C A T G C 
C 3 G G A A C C G G A T G A A C A G T T T A T C C C C C T C T C G C C G G A A A C C T A G C C C A T G C 
GGAACCGGATGAACAGTTTATCCCCCTCTCGCCGGAAACCTAGCCCATGC 
GGGACAGGGTGAACAGTATACCCCCCTCTCGCCAGTAACTTGGCCCATGC 
E l G G A A C C G G A T G A A C A G T T T A T C C C C C T C T C G C C G G A A A C C T A G C C C A T G C 
E 2 G G A A C C G G A T G A A C A G T T T A T C C C C C T C T C G C C G G A A A C C T A G C C C A T G C 
E 3 G G A A C C G G A T G A A C A G T T T A T C C C C C T C T C G C C G G A A A C C T A G C C C A T G C 
E 4 G G T A C G G G G T G A A C C G T T T A C C C A C C A C T A G C T G G T A A T C T G G C C C A C G C 
E 5 G G A A C C G G G T G G A C A G T A T A C C C T C C C C T G G C C G G T A A T T T A G C C C A T G C 
E 6 G G A A C C G G G T G G A C A G T A T A C C C T C C C C T G G C C G G T A A T T T A G C C C A T G C 
E 7 G G A A C C G G G T G G A C A G T A T A C C C T C C C C T G G C C G G T A A T T T A G C C C A T G C 
GGAACAGGCTGAACTGTCTACCCACCTTTAGCCGGAAACCTCGCTCATGC 
G 2 G G A A C C G G T T G A A C C G T T T A C C C G C C C T T A G C A G G A A A C C T C T C T C A C G C 
G 3 G G G A C A G G A T G A A C T G T C T A C C C C C C T T T A G C A G G G A A C C T T G C C C A C G C 
H I G G T A C G G G G T G A A C C G T T T A T C C A C C A C T A G C T G G T A A T C T G G C C C A C G C 
H 2 G G T A C G G G G T G A A C C G T T T A T C C A C C A C T A G C T G G T A A T C T G G C C C A C G C 
J l G G G A C G G G A T G A A C T G T C T A C C C T C C T C T G G C A G G T A A C C T T G C C C A T G C 
M l G G T A C C G G C T G A A C A G T T T A T C C G C C C C T T G C A G G A A A C T T A G C C C A C G C 
GGAACCGGATGAACAGTTTATCCCCCTCTCGCCGGAAACCTAGCCCATGC 
R 2 G G A A C C G G A T G A A C A G T T T A T C C C C C T C T C G C C G G A A A C C T A G C C C A T G C 
5 1 GGAACAGGATGAACTGTATATCCACCCCTTGCTGGAAACCTCGCACATGC 
5 2 GGAACAGGATGAACTGTATATCCACCCCTTGCTGGAAACCTCGCACATGC 
T 1 GGCACCGGGTGAACAGTTTATCCCCCTCTGGCCGGCAACCTCGCCCACGC 
T 2 GGTACCGGGTGGACAGTTTACCCCCCTCTAGCCGGAAACCTTGCCCACGC 
^ GGAACCGGGTGAACTGTCTACCCTCCTCTAGCAGGTAACCTAGCCCACGC 
185 
Appendix 6. (continued) 
Sample names (Codes) lo ^ 3 0 40 ^ 1 
. . . . I . • • • I . . . . I • … I . . . . I . . . . I . . . . I . . . . I . . . . I . . . . I 
A l C G G A G C A T C A G T T G A C C T C A C C A T C T T T T C T C T G C A C T T A G C A G G A A T C T 
A 2 C G G A G C A T C A G T T G A C C T C A C C A T C T T T T C T C T G C A C T T A G C A G G A A T C T 
A 3 C G G A G C A T C A G T T G A C C T C A C C A T C T T T T C T C T G C A C T T A G C A G G A A T C T 
A 4 T G G A G C A T C C G T T G A C C T A A C C A T T T T T T C C C T G C A C T T A G C A G G G A T C T 
A 5 T G G A G C A T C C G T T G A C C T A A C C A T T T T T T C C C T G C A C T T A G C A G G G A T C T 
A 6 T G G A G C A T C C G T T G A C C T A A C C A T T T T T T C C C T G C A C T T A G C A G G G A T C T 
B 1 A G G T G C A T C C G T T G A T C T A A C T A T T T T C T C T C T G C A T T T A G C A G G C A T T T 
B 2 A G G T G C A T C C G T T G A C C T A A C T A T T T T T T C T C T G C A T T T A G C A G G C A T T T 
C I C G G A G C A T C C G T T G A T C T A A C C A T C T T C T C C C T C C A C T T A G C A G G T A T C T 
C 2 C G G A G C A T C C G T T G A T C T A A C C A T C T T C T C C C T C C A C T T A G C A G G T A T C T 
C 3 C G G A G C A T C A G T T G A C C T C A C C A T C T T T T C T C T G C A C T T A G C A G G A A T C T 
C 4 C G G A G C A T C A G T T G A C C T C A C C A T C T T T T C T C T G C A C T T A G C A G G A A T C T 
C 5 C G G A G C A T C C G T T G A T C T A A C C A T C T T C T C C C T C C A C T T A G C A G G T A T C T 
E l C G G A G C A T C A G T T G A C C T C A C C A T C T T T T C T C T G C A C T T A G C A G G A A T C T 
E 2 C G G A G C A T C A G T T G A C C T C A C C A T C T T T T C T C T G C A C T T A G C A G G A A T C T 
E 3 C G G A G C A T C A G T T G A C C T C A C C A T C T T T T C T C T G C A C T T A G C A G G A A T C T 
E 4 C G G A G C A T C C G T T G A C C T A A C A A T C T T C T C A C T T C A C C T T G C A G G G A T T T 
E 5 T G G A G C A T C C G T T G A C C T A A C C A T T T T T T C C C T G C A C T T A G C A G G G A T C T 
E 6 T G G A G C A T C C G T T G A C C T A A C C A T T T T T T C C C T G C A C T T A G C A G G G A T C T 
E 7 T G G A G C A T C C G T T G A C C T A A C C A T T T T T T C C C T G C A C T T A G C A G G G A T C T 
G 1 T G G G G C A T C T G T T G A T C T C A C T A T T T T T T C T C T C C A T C T A G C A G G G A T T T 
G 2 C G G C C C T T C T G T T G A C C T C A C T A T T T T T T C C C T G C A T C T A G C A G G A G T T T 
G 3 A G G A C C A T C A G T G G A C C T A A C C A T T T T T T C C C T C C A C C T A G C A G G G G T A T 
H I C G G A G C A T C C G T T G A C C T A A C A A T C T T C T C A C T T C A C C T T G C A G G G A T T T 
H 2 C G G A G C A T C C G T T G A C C T A A C A A T C T T C T C A C T T C A C C T T G C A G G G A T T T 
J 1 A G G G G C A T C T G T A G A C C T A A C A A T T T T T T C T C T G C A C T T A G C A G G A A T C T 
M l A G G C G C A T C C G T G G A C C T C A C A A T T T T T T C A C T G C A T C T A G C A G G A A T T T 
R 1 C G G A G C A T C A G T T G A C C T C A C C A T C T T T T C T C T G C A C T T A G C A G G A A T C T 
R 2 C G G A G C A T C A G T T G A C C T C A C C A T C T T T T C T C T G C A C T T A G C A G G A A T C T 
5 1 CGGGGCTTCTGTAGATTTAACTATTTTCTCCCTTCATCTTGCAGGGGTAT 
5 2 CGGGGCTTCTGTAGATTTAACTATTTTCTCCCTTCATCTTGCAGGGGTAT 
T 1 AGGAGCCTCAGTTGATCTGACTATCTTCTCCCTTCATTTAGCCGGGATCT 
T 2 AGGAGCATCTGTCGACTTAACCATCTTCTCCCTCCATTTAGCTGGAATCT 
^ AGGTGCATCTGTTGACCTTACCATCTTCTCCCTTCACCTAGCTGGGATCT 
S a m p l e n a m e s ( C o d e s ) 4 1 0 4 2 0 4 3 0 4 4 0 4 5 0 
——I——I——I——I——I——丨——I——I——I——I 
A l C C T C A A T C C T G G G G G C T A T T A A T T T T A T T A C A A C A A T T A T T A A T A T G A A A 
A 2 C C T C A A T C C T G G G G G C T A T T A A T T T T A T T A C A A C A A T T A T T A A T A T G A A A 
A 3 C C T C A A T C C T G G G G G C T A T T A A T T T T A T T A C A A C A A T T A T T A A T A T G A A A 
A 4 C C T C A A T C C T C G G G G C C A T T A A T T T T A T T A C A A C A A T T A T T A A C A T G A A A 
A 5 C C T C A A T C C T C G G G G C C A T T A A T T T T A T T A C A A C A A T T A T T A A C A T G A A A 
A 6 CCTCAATCCTCGGGGCCATTAATTTTATTACAACAATTATTAACATGAAA 
B 1 C T T C C A T C T T A G G T G C A A T T A A T T T T A T C A C A A C A A T T A T T A A C A T G A A A 
B 2 C T T C C A T C T T A G G T G C A A T T A A T T T T A T C A C A A C A A T T A T T A A C A T G A A A 
C I C C T C A A T T C T C G G G G C A A T T A A C T T T A T T A C A A C C A T T A T T A A C A T G A A A 
C 2 C C T C A A T T C T C G G G G C A A T T A A C T T T A T T A C A A C C A T T A T T A A C A T G A A A 
C 3 C C T C A A T C C T G G G G G C T A T T A A T T T T A T T A C A A C A A T T A T T A A T A T G A A A 
C 4 C C T C A A T C C T G G G G G C T A T T A A T T T T A T T A C A A C A A T T A T T A A T A T G A A A 
C 5 C C T C A A T T C T C G G G G C A A T T A A C T T T A T T A C A A C C A T T A T T A A C A T G A A A 
E l C C T C A A T C C T G G G G G C T A T T A A T T T T A T T A C A A C A A T T A T T A A T A T G A A A 
E 2 C C T C A A T C C T G G G G G C T A T T A A T T T T A T T A C A A C A A T T A T T A A T A T G A A A 
E 3 C C T C A A T C C T G G G G G C T A T T A A T T T T A T T A C A A C A A T T A T T A A T A T G A A A 
E 4 C G T C A A T T C T G G G G G C A A T T A A C T T T A T T A C T A C C A T C A T C A A C A T G A A A 
E 5 C C T C A A T C C T C G G G G C T A T T A A T T T T A T T A C A A C A A T T A T T A A C A T G A A A 
E 6 CCTCAATCCTCGGGGCCATTAATTTTATTACAACAATTATTAACATGAAA 
E 7 C C T C A A T C C T C G G G G C T A T T A A T T T T A T T A C A A C A A T T A T T A A C A T G A A A 
G 1 C A T C A A T T C T T G G G G C A A T T A A T T T T A T T A C C A C A A T T A T T A A T A T G A A A 
G 2 C G T C A A T T T T A G G G G C C A T T A A C T T T A T T A C T A C A A T T A T T A A T A T A A A A 
G 3 C C T C A A T C C T T G G G G C T A T T A A T T T T A T T A C A A C T A T C C T G A A T A T A A A A 
H I C G T C A A T T C T G G G G G C A A T T A A C T T T A T T A C T A C C A T C A T C A A C A T G A A A 
H 2 C G T C A A T T C T G G G G G C A A T T A A C T T T A T T A C T A C C A T C A T C A A C A T G A A A 
J 1 C C T C A A T T T T A G G T G C A A T C A A C T T T A T T A C G A C G A T T A T T A A C A T G A A A 
M l C A T C A A T T C T A G G A G C C A T T A A T T T T A T T A C A A C T A T T A T T A A T A T A A A A 
R 1 C C T C A A T C C T G G G G G C T A T T A A T T T T A T T A C A A C A A T T A T T A A T A T G A A A 
R 2 C C T C A A T C C T G G G G G C T A T T A A T T T T A T T A C A A C A A T T A T T A A T A T G A A A 
5 1 CATCCATTCTAGGAGCCATTAATTTTATTACAACCATTATTAACATAAAA 
5 2 CATCCATTCTAGGAGCCATTAATTTTATTACAACCATTATTAACATAAAA 
T 1 CCTCAATTTTAGGAGCCATTAATTTTATTACGACCATTATTAACATAAAG 
T 2 CCTCAATTTTGGGGGCCATTAATTTTATTACGACCATTATCAACATAAAA 
^ CCTCTATTCTGGGGGCAATCAACTTCATCACAACTATTATCAATATAAAA 
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Appendix 6. (continued) 
Sample names (Codes) lo ^ 30 4 0 ^ 1 
. • • • I . . . . I . . . . I . . . . I . . . . I . . . . I . . . . I . . . . I . . . . I . . . . I 
A l C C C G C A G C C A T C T C C C A A T A C C A G A C A C C C T T A T T T G T A T G A G C C G T A T T 
A 2 C C C G C A G C C A T C T C C C A A T A C C A G A C A C C C T T A T T T G T A T G A G C C G T A C T 
A 3 C C C G C A G C C A T C T C C C A A T A C C A G A C A C C C T T A T T T G T A T G A G C C G T A C T 
A 4 C C C G C A G C C A T C T C C C A A T A C C A A A C A C C C C T G T T T G T A T G G G C C G T T C T 
A 5 C C C G C A G C C A T C T C C C A A T A C C A A A C A C C C C T G T T T G T A T G G G C C G T T C T 
A 6 C C C G C A G C C A T C T C C C A A T A C C A A A C A C C C C T G T T T G T A T G G G C C G T T C T 
B 1 C C C C C T G C C A T C T C T C A A T A C C A A A C C C C T C T G T T C G T A T G G G C C G T C T T 
B 2 C C C C C T G C C A T C T C T C A A T A C C A A A C C C C T C T G T T C G T A T G G G C C G T C C T 
C I C C T C C T G C T A T C T C T C A G T A T C A G A C G C C C C T T T T C G T A T G G G C C G T T C T 
C 2 C C T C C T G C T A T C T C T C A G T A T C A G A C G C C C C T T T T C G T A T G G G C C G T T C T 
C 3 C C C G C A G C C A T C T C C C A A T A C C A G A C A C C C T T A T T T G T A T G A G C C G T A C T 
C 4 C C C G C A G C C A T C T C C C A A T A C C A G A C A C C C T T A T T T G T A T G A G C C G T A C T 
C 5 C C T C C T G C T A T C T C T C A G T A T C A G A C G C C C C T T T T C G T A T G G G C C G T T C T 
E l C C C G C A G C C A T C T C C C A A T A C C A G A C A C C C T T A T T T G T A T G A G C C G T A T T 
E 2 C C C G C A G C C A T C T C C C A A T A C C A G A C A C C C T T A T T T G T A T G A G C C G T A C T 
E 3 C C C G C A G C C A T C T C C C A A T A C C A G A C A C C C T T A T T T G T A T G A G C C G T A C T 
E 4 C C C A C A A C A G T C A C T A T A T A C C A A A T C C C A T T A T T T G T T T G A G C C G T T C T 
E 5 C C C G C A G C C A T C T C C C A A T A C C A A A C A C C C C T G T T T G T A T G G G C C G T T C T 
E 6 C C C G C A G C C A T C T C C C A A T A C C A A A C A C C C C T G T T T G T A T G G G C C G T T C T 
E 7 C C C G C A G C C A T C T C C C A A T A C C A A A C A C C C C T G T T T G T A T G G G C C G T T C T 
C C T C C A G C A A T T T C A C A G T A C C A A A C A C C C C T C T T T G T T T G A G C A G T A C T 
G 2 C C C C C C G C C A T T T C A C A G T A C C A A A C G C C C C T A T T T G T C T G A G C A G T C C T 
G 3 C C T G C C G C C G C C T C A A T A T A C C A G C T T C C C T T A T T T G T C T G A G C T G T T C T 
H I C C C A C A A C A G T T A C T A T G T A C C A A A T C C C A T T A T T T G T T T G A G C C G T T C T 
H 2 C C C A C A A C A G T T A C T A T G T A C C A A A T C C C A T T A T T T G T T T G A G C C G T T C T 
C C C C C T G C C A T C T C C C A A T A C C A A A C T C C G T T A T T T G T G T G G G C G G T T C T 
M l C C A C C G G G T A T T T C C C A G T A C C A C A C C C C C T T A T T C G T A T G A G C T G T G T T 
C C C G C A G C C A T C T C C C A A T A C C A G A C A C C C T T A T T T G T A T G A G C C G T A T T 
R 2 C C C G C A G C C A T C T C C C A A T A C C A G A C A C C C T T A T T T G T A T G A G C C G T A T T 
5 1 C C A C C A G C A A T T T C A C A A T A T C A A A C A C C T T T A T T T G T A T G G G C T G T C T T 
5 2 C C A C C A G C A A T T T C A C A A T A T C A A A C A C C T T T A T T T G T A T G G G C T G T C T T 
T 1 C C C C C A G C T A T C T C T C A G T A C C A A A C C C C A C T T T T T G T T T G A G C T G T G C T 
T 2 C C C C C A G C T A T T T C T C A G T A C C A A A C C C C G C T T T T T G T C T G A G C T G T A C T 
1 C C A G C T G C C G T T T C T A T G T A C C A G A T T C C T C T G T T C G T G T G A G C C G T A C T | 
S a m p l e n a m e s ( C o d e s ) ^ ^ ^ ^ 
• … 丨 . … 丨 • • . . 1 . . . . 1 . . . . 1 . . . . 1 . . . . 1 . . . . 丨 . . . . 1 . . . . 丨 
A l A A T T A C T G C C G T A C T C C T C C T A T T A T C C C T G C C A G T C C T A G C C G C C G G A A 
A 2 A A T T A C T G C C G T A C T C C T C C T A T T A T C C C T G C C A G T C C T A G C C G C C G G A A 
A 3 A A T T A C T G C C G T A C T C C T C C T A T T A T C C C T G C C A G T C C T A G C C G C C G G A A 
A 4 A A T T A C A G C C G T C C T A C T T C T A T T G T C C C T C C C A G T C C T A G C T G C C G G A A 
A 5 A A T T A C A G C C G T C C T A C T T C T A T T A T C C C T C C C A G T C C T A G C T G C C G G A A 
A 6 A A T T A C A G C C G T C C T A C T T C T A T T G T C C C T C C C A G T C C T A G C T G C C G G A A 
B 1 A A T T A C T G C C G T T C T T C T A C T T C T T T C A C T T C C T G T G C T A G C T G C C G G A A 
B 2 A A T T A C T G C C G T T C T T C T A C T T C T T T C A C T T C C T G T G C T A G C T G C C G G A A 
C I C A T C A C T G C A G T C C T T C T C C T T C T C T C C C T T C C A G T C C T A G C T G C T G G C A 
C 2 C A T C A C T G C A G T C C T T C T C C T T C T C T C C C T T C C A G T C C T A G C T G C T G G C A 
C 3 A A T T A C T G C C G T A C T C C T C C T A T T A T C C C T G C C A G T C C T A G C C G C C G G A A 
C 4 A A T T A C T G C C G T A C T C C T C C T A T T A T C C C T G C C A G T C C T A G C C G C C G G A A 
C 5 C A T C A C T G C A G T C C T T C T C C T T C T C T C C C T T C C A G T C C T A G C T G C T G G C A 
E l A A T T A C T G C C G T A C T C C T C C T A T T A T C C C T G C C A G T C C T A G C C G C C G G A A 
E 2 A A T T A C T G C C G T A C T C C T C C T A T T A T C C C T G C C A G T C C T A G C C G C C G G A A 
E 3 A A T T A C T G C C G T A C T C C T C C T A T T A T C C C T G C C A G T C C T A G C C G C C G G A A 
E 4 A A T T A C C G C C G T A C T T C T T C T T C T G T C C C T T C C C G T C T T A G C C G C A G G G A 
E 5 A A T T A C A G C C G T C C T A C T T C T A T T A T C C C T C C C A G T C C T A G C T G C C G G A A 
E 6 A A T T A C A G C C G T C C T A C T T C T A T T G T C C C T C C C A G T C C T A G C T G C C G G A A 
E 7 A A T T A C A G C C G T C C T A C T T C T A T T A T C C C T C C C A G T C C T A G C T G C C G G A A 
A A T T A C A G C T G T G C T T C T A C T A T T A T C T C T C C C C G T C T T A G C A G C T G G C A 
G 2 A A T C A C G G C A G T T C T T C T G T T A C T T T C A C T T C C A G T T C T T G C C G C A G G C A 
G 3 A G T C A C A G C T G T A C T G C T T C T T T T G T C T C T C C C C G T T C T G G C C G C T G G A A 
H I A A T T A C C G C C G T A C T T C T T C T T C T G T C C C T T C C C G T C T T A G C C G C A G G G A 
H 2 A A T T A C C G C C G T A C T T C T T C T T C T G T C C C T T C C C G T C T T A G C C G C A G G G A 
J 1 A A T T A C A G C C G T C C T T C T T C T T C T C T C A C T G C C A G T T C T T G C T G C T G G C A 
M l A G T T A C A G C A A T T C T T C T A T T G C T C G C C C T A C C G G T G C T A G C T G C T G G G A 
R 1 A A T T A C T G C C G T A C T C C T C C T A T T A T C C C T G C C A G T C C T A G C C G C C G G A A 
R 2 A A T T A C T G C C G T A C T C C T C C T A T T A T C C C T G C C A G T C C T A G C C G C C G G A A 
5 1 A A T T A C A G C T G T T C T T C T A T T A T T A T C T C T A C C A G T A C T G G C T G C C G G C A 
5 2 A A T T A C A G C T G T T C T T C T A T T A T T A T C T C T A C C A G T A C T G G C T G C C G G C A 
A G T C A C T G C T G T T C T T C T A C T A C T C T C T C T C C C C G T T C T G G C A G C A G G C A 
T 2 A A T C A C T G C T G T A C T T C T A C T A T T A T C A C T C C C C G T T C T G G C A G C A G G T A 
^ A A T T A C A G C T G T C C T C C T T C T C C T C T C C C T T C C C G T T C T A G C T G C C G G A A 
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Appendix 5. (continued) 
S a m p l e n a m e s ( C o d e s ) ^ ^ ^ ^ ^ 
Al TTACAATGCTCCTCACAGACCGAAACCTAAACACAACCTTCTTCGA 
A 2 TTACAATGCTCCTCACAGACCGAAACCTAAACACAACCTTCTTCGA 
A3 TTACAATGCTCCTCACAGACCGAAACCTAAACACAACCTTCTTCGA 
A 4 TTACAATACTACTTAGGGACCGAAACCTTAACACAACCTTTTT-GA 
A 5 TTACAATACTACTTAGGGACCGAAACCTTAACACAACCTTTTTTGA 
A 6 TTACAATACTACTTACAGACCGAAACCTTAACACAACCTTTTTTGA 
B1 TCACCATGCTTCTCACGGACCGTAACCTCAACACCACCTTCTTTGA 
B 2 TTACCATGCTTCTCACGGACCGAAACCTCAACACCACCTTCTTTGA 
CI TTACAATGCTCCTAACAGACCGAAATTTAAACACCACCTTCTTCGA 
C 2 TTACAATGCTCCTAACAGACCGAAATTTAAACACCACCTTCTTCGA 
C3 TTACAATGCTCCTCACAGACCGAAACCTAAACACAACCTTCTTCGA 
C 4 T T A C A A T G C T C C T C A C A G A C C G A A A C C T A A A C A C A A C C T T C T T C G A 
C5 TTACAATGCTCCTAACAGACCGAAATTTAAACACCACCTTCTTCGA 
El TTACAATGCTCCTCACAGACCGAAACCTAAACACAACCTTCTTCGA 
E 2 T T A C A A T G C T C C T C A C A G A C C G A A A C C T A A A C A C A A C C T T C T T C G A 
E3 TTACAATGCTCCTCACAGACCGAAACCTAAACACAACCTTCTTCGA 
E 4 TTACAATGCTACTAACAGACCGCAACCTCAACACAACCTTTTTTGA 
E 5 T T A C A A T A C T A C T T A C A G A C C G A A A C C T T A A C A C A A C C T T T T T T G A 
E 6 T T A C A A T A C T A C T T A C A G A C C G A A A C C T T A A C A C A A C C T T T T T T G A 
E 7 T T A C A A T A C T A C T T A C A G A C C G A A A C C T T A A C A C A A C C T T T T T T G A 
T C A C G A T A C T T C T A A C T G A C C G T A A T C T T A A C A C T T C T T T C T T T G A 
G 2 TCACTATGCTTCTCACGGACCGAAACCTAAACACTACTTTCTTTGA 
G3 TTACCATACTATTGACAGACCGAAACCTCAATACTGCATTCTTTGA 
H I T T A C A A T G C T A C T A A C A G A C C G C A A C C T C A A C A C A A C C T T T T T T G A 
H 2 T T A C A A T G C T A C T A A C A G G C C G C A A C C T C A A C A C A A C C T T T T T T G A 
J 1 T T A C T A T G C T T C T A A C T G A C C G G A A C C T C A A C A C C A C C T T C T T C G A 
M l T T A C A A T A C T T C T T A C A G A C C G A A A C C T A A A T A C C A C C T T C T T T G A 
R l T T A C A A T G C T C C T C A C A G A C C G A A A C C T A A A C A C A A C C T T C T T C G A 
R 2 TTACAATGCTCCTCACAGACCGAAACCTAAACACAACCTTCTTCGA 
5 1 T T A C T A T A C T C C T A A C A G A T C G A A A C C T A A A T A C T A C A T T C T T T G A 
5 2 T T A C T A T A C T C C T A A C A G A T C G A A A C C T A A A T A C T A C A T T C T T T G A 
T 1 T T A C T A T G T T A C T T A C A G A C C G A A A T C T A A A C A C C A C T T T C T T T G A 
T 2 T T A C T A T G T T G C T C A C A G A T C G A A A T T T A A A C A C C A C T T T C T T T G A 
^ T T A C C A T G C T C T T A A C A G A C C G T A A T T T A A A C A C C G C C T T C T T T G A 
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Appendix 6. (continued) 
Sample names (Codes) lo ^ 30 40 ^ 1 




3 5 ACTATGCCCAGCCATAACACGGCAATATA ACCCATTG-CTCG 
二 ACTATGCCCAGTCATAACACGGCAA—T ACA-ATTG-CTCG 
諭；^= ACTATGCCCGGCCGTAAACAAAAATGGAATAAA ACAACCCA-TTCG 
° ：：' ACTATGCCCAGCCCTCAACAAAGGTGCACTAACTAC-ACACTGCA-CTCG 
广 二 ACTATGCCCGGCCGTAAACAAAAATGGAATAAA ACAACCCA-TTCG 
A : 二 ACTATGCCCGGCGGTAGACAAAAATGGAATAAA ACAACCCA-TTCG 
c m a j Y A C T A T G C C C A G C C C T C A A C A A A G G T G C A C T A A C T A C - A C A C T G C A - C T C G 
C® 二 ACTATGCCCGGCCGTAAACAAAAATGGAATAAA ACAACCCA-TTCG 
ACTATGCCCGGCCGTAAACAAAAATGGAATAAA——ACAACCCA-TTCG 









二：广 ACTATGCCCAGCCATAACACGGCAATATA ACCCATTG-CTCG 
ACTATGCCCAGCCCTCAACAAAGGTGCACTAACTAC-ACACTGCA-CTCG 
^^"ZLL ACTATGCCCGGCCGTAAACAAAAATGGAATAAA ACAACCCA-TTCG 
ACTATGCCCGGCCGTAAACAAAAATGGAATAAA——ACAACCCA-TTCG 
二 二 ACTATGCTTAGCCCTTAACAAAGGTGTACCCCACAC-ATCCTACA-CCCG 
二 J" A C T A T G C C C A G C C C T C A A C A A A G G T G C A C T A A C T A C - A C A C T A C A - C C C G 
二 ” ACTATGCCCAGCCCTCAACAAAGGTGCACTAACTAC-ACACTGCA-CTCG 
二 J" A C T A T G C C T G A T C G T A A A C A A A A A T G G A A C C C A A C A A C C C A - T T C G 
V S O l A C T A T G C C C G G C C G T A A A C A A A A A T G G A A T A A A A C A A C C C A - T T C G 
Alligator mississippiensis NC 0 0 1 9 2 2 ACTATGCTCAGCCCTTAACATTGGTGTAGTACACAACAGACTACC-CTCG 
Alligator mississippiensis Y13113 ACTATGCTCAGCCCTTAACATTGGTGTAGTACACAACAGACTACC-CTCG 
Alligator sinensis A F 5 1 1 5 0 7 ACTATGCTCAGCCCTTAACAAAGGCTGTGCCCCAAACATATCACG-CCCG 
Alligator sinensis NC 0 0 4 4 4 8 ACTATGCTCAGCCCTTAACAAAGGCTGTGCCCCAAACATATCACG-CCCG 
CAAMAN crocodllus A J 4 0 4 8 7 2 ACTATGCTTAGCCCTTAACAAAGGTGTACCCCACAC-ATCCTACA-CCCG 
CAOMAN crocodllus NC 002744 ACTATGCTTAGCCCTTAACAAAGGTGTACCCCACAC-ATCCTACA-CCCG 
Crocodylus acutus U 5 9 6 7 0 ACTATGCCCAGCCCTCAACAAAGGTGTACTAACTAC-ACACTACA-CTCG 
Crocodylus cataphractus AY195941 ACTATGCCTAGCCCTAAACAAAGGTGTACTAATTAC-ACACTACA-CTCG 
Crocodylus johnsonl AY195942 ACTATGCCCAGCCCTCAACAAAGGTGTACTAACTAC-AAACCACA-CTCG 
Crocodylus zillotlcus A J 8 1 0 4 5 2 ACTATGCCCAGCCCTCAACAAAGGTGTACTAACTAC-ACACTACA-CTCG 
Crocodylus nlloticus NC 0 0 8 1 4 2 ACTATGCCCAGCCCTCAACAAAGGTGTACTAACTAC-ACACTACA-CTCG 
Crocodylus porosus A J 8 1 0 4 5 3 ACTATGCCCAGCCCTCAACAAAGGTGCACTGACTACTACACTACAACCCG 
Crocodylus porosus NC 0 0 8 1 4 3 ACTATGCCCAGCCCTCAACAAAGGTGCACTGACTACTACACTACAACCCG 
Crocodylus siamensis E F 5 8 1 8 5 9 ACTATGCCCAGCCCTCAACAAAGGTGCACTAACTAC-ACACTGCA-CTCG 
PYTHON curtus A F 3 6 8 0 6 0 ——ACTATGCCCAGCCGTAACACGGCAACACA——ATC-ACTG-CTCG 
Python molurus A F 2 3 6 6 8 2 A C T A T G C C T A A C C A T A A C A C G G C A A C A C T A T A - G T T G - C T C G 
P y t i i o n reglus A B 1 7 7 8 7 8 A C T A T G C C C A G C C G T A A C A C G G G C A — A C A C C - A T T G - C T C G 
P y t h o n retlculatus Z 4 6 4 4 8 ——ACTATGCCCAGC-ATAACATGGCAATATA——ACCCATTG-CTCG 
V a r a n u s acanthurus A F 0 0 4 4 7 8 T A A — - A C A A C C C A - C T C G 
V a r a m i s alblgularls A F 0 0 4 4 8 0 ^ A A — - A C A A A C C A - T T C G 
V a r a m i s bengalensls A F 0 0 4 4 8 2 C C A — - A C A A C C C A - T T C G 
V a r a n u s b r e ^ r ± c a u d a A F 0 0 4 4 8 4 a a a — - A C A A T C C A - T C C G 
V a r a n u s dvmerllll A F 0 0 4 4 8 6 A T A - - - - A C A C C C C A - T T C G 
V a r a m i s eremlus A F 0 0 4 4 8 8 A G A — - A C A A C C C A - T C C G 
V a r a n u s glganteus A F 0 0 4 4 9 0 C T A — — A C A G C C C A - T T C G 
v a r a n u s gouldll A F 0 0 4 4 9 2 c C A — - A C A A C C A A - C T C G 
Varanus indlcus A F 0 0 4 4 9 4 T A A A C A G C C C A - T T C G 
Varanus komodoensis A B 0 8 0 2 7 5 A C T A T G C C C G G T C G T A A A C A A A A A T G G A A C A A A A C A A C C C A - T T C G 
V a r a n u s komoensls A F 0 0 4 4 9 6 A A A — — A C A A C C C A - T T C G 
v a r a n u s mertensl A F 0 0 4 4 9 8 t t a — — A C A A C C C A - T T C G 
Varanus mltchelll A F 0 0 4 5 0 0 TAG ACAACCCA-CTCG 
Varanus nlloticus A B 1 8 5 3 2 7 ACTATGCCCGACCATAAACAAAAATGGACTAAA ACAAACCA-TTCG 
V a r a n u s nlloticus A F 0 0 4 5 0 2 A A A — — A C A A A C C A - T T C G 
VARANUS OL±^RACEUS A F 0 0 4 5 0 4 ACA——ACAACCCA-TTCG 
v a r a n u s pllbarensis A F 0 0 4 5 0 6 T C A — — A C A A A C C A - C T C G 
V a r a m i s praslnus A F 0 0 4 5 0 8 T C A — — A C A A C C C A - T T C G 
V a r a n u s S a l v a d o r ! ! A F 0 0 4 5 1 0 C G A — — G C A G C C C A - T T C G 
V a r a n u s salvator A F 0 0 4 5 1 2 A A A — — A C A A C C C A - T T C G 
Varanus trlstls A F 0 0 4 5 1 6 A A A — — A C A G C C C A - T G C G 
V a r a m j s timorensis A F 0 0 4 5 1 4 A A A — — G C A A C C C A - T T C G 
V a r a n u s ^ r a r ± u s A F 0 0 4 5 1 8 T A A — — A C A A C C C A - T T C G | 
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Appendix 6. (continued) 
Sample names (Codes) lo ^ 30 40 ^ 1 
- — ^ .…丨.…丨.…丨….丨….丨…「「….1....丨....1....丨 
Z ^ CCAGAGAATTACG-AGC—CCCGCTTAAAACTCAAAGGACTTGACGGCAC 
c m a 二 CCAGGGAATTACG-AGCAACTTGCTTAAAACTCAAAGGACTTGACGGTAT 
C 脑 C C A G G G A A T T A C G - A G C A A C T T G C T T A A A A C T C A A A G G A C T T G A C G G T A T 
C 贴 二 CCAAACAACTACG-AGTG-AAAACTTAAAACTTAAAGGACTTGACGGTAC 
C 二 = CCAAACCACTACG-AGTG-AAAACTTAAAACTTAAAGGACTTGACGGTAC 
C 贴 二 CCTGAGAACTACC-AGCA-CGAGCTAAAAACTCAAAAGACTTGACGGTGC 
C 贴 二 CCAGGGAATTACG-AGCAACTTGCTTAAAACTCAAAGGACTTGACGGTAT 
C 贴 二 CCTGAGAACTACC-AGCA-CGAGCTAAAAACTCAAAAGACTTGACGGTGC 
C 贴 二 CCTGAGAACTACC-AGCA-CGAGCTAAAAACTCAAAAGACTTGACGGTGC 
C 二 J CCAGGGAATTACG-AGCAACTTGCTTAAAACTCAAAGGACTTGACGGTAT 





C™^ 二 CCTGAGAACTACC-AGCA-CGAGCTAAAAACTCAAAAGACTTGACGGTGC 
C 二 = CCTGAGAACTACC-AGCA-CGAGCTAAAAACTCAAAAGACTTGACGGTGC 








C C O l CCAGATGATTACG-AGC—CAAGCTTAAAATTCAAAGGACTTGACAGCAC 
CCAGAGAATTACG-AGCAACTTGCTTAAAACTCAAAGGACTTGACGGTGT 
C S O l CCAGGGAATTACG-AGCAACTTGCTTAAAACTCAAAGGACTTGACGGTAT 
卯 0 1 CCCGAGGAATACC-AGCA-CAAGCTAGAAACTCAAAAGACTTGACGGTGC 
V S O l CCTGAGAACTACC-AGCA-CGAGCTAAAAACTCAAAAGACTTGACGGTGC 
Alligator mississippiensis NC 0 0 1 9 2 2 CCAGAGAATTACG-AGC—CCCGCTTAAAACTCAAAGGACTTGACGGCAC 
Alligator mississippiensis Y 1 3 1 1 3 CCAGAGAATTACG-AGC—CCCGCTTAAAACTCAAAGGACTTGACGGCAC 
Alligator sinensis A F 5 1 1 5 0 7 CCAGAGAATTACG-AGC—CACGCTTAAAACTCAAAGGACTTGACGGCGC 
Alligator sinensis NC 0 0 4 4 4 8 CCAGAGAATTACG-AGC—CACGCTTAAAACTCAAAGGACTTGACGGCGC 
C a i m a n crocodilus A J 4 0 4 8 7 2 CCAGATGATTACG-AGC—CAAGCTTAAAATTCAAAGGACTTGACAGCAC 
C a i m a n crocodilus NC 0 0 2 7 4 4 CCAGATGATTACG-AGC—CAAGCTTAAAATTCAAAGGACTTGACAGCAC 
Crocodylus acutus U 5 9 6 7 0 CCAGGGGATTACG-AGCAACTTGCTTAAAACCCTAAGGACTTGACGGTAT 
Crocodylus cataphractus A Y 1 9 5 9 4 1 CCAGAGAATTACG-AGCAATTTGCTTAAAACTCAAAGGACTTGACGGTAT 
Crocodylus johnsoni A Y 1 9 5 9 4 2 CCAGAGAATTACG-AGCAATTTGCTTAAAACTCAAAGGACTTGACGGTGT 
C r o c o d y l u s niloticus A J 8 1 0 4 5 2 CCAGGGGATTACG-AGCAATTTGCTTAAAACTCAAAGGACTTGACGGTAT 
Crocodylus niloticus NC 0 0 8 1 4 2 CCAGGGGATTACG-AGCAATTTGCTTAAAACTCAAAGGACTTGACGGTAT 
C r o c o d y l u s p o r o s u s A J 8 1 0 4 5 3 CCAGAGAATTACGCAGCAACTTGCTTAAAACTCAAAGGACTTGACGGTGT 
C r o c o d y J t u s porosus NC 0 0 8 1 4 3 CCAGAGAATTACGCAGCAACTTGCTTAAAACTCAAAGGACTTGACGGTGT 
C r o c o d y l u s siamensis E F 5 8 1 8 5 9 CCAGGGAATTACG-AGCAACTTGCTTAAAACTCAAAGGACTTGACGGTAT 
Python curtus A F 3 6 8 0 6 0 CCAAACCACTACG-AGTG-AAAACTTAAAACTTAAAGGACTTGACGGTAC 
Python molurus A F 2 3 6 6 8 2 CCAAACCACTACG-AGTG-AAAACTTAAAACTTAAAGGACTTGACGGTAC 
r e g r i u s A B 1 7 7 8 7 8 CCAAACCATTACG-AGTG-AAAACTTAAAACTTAAAGGACTTGACGGTAC 
P y t h o n reticulatus Z 4 6 4 4 8 CCAAACAACTACG-AGTG-AAAACTTAAAACTTAAAGGACTTGACGGTAC 
V a r a n u s a c a j l t h u r u s A F 0 0 4 4 7 8 CCCGAGTATTACC-AGCA-CAAGCTAAAAACTCAAAAGACTTGACGGTGC 
Varanus alblgularls A F 0 0 4 4 8 0 CCCGAGAACTACC-AGCA-CCAGCTAAAAACTCAAAAGACTTGACGGTGC 
Varanus bengalensis A F 0 0 4 4 8 2 GCCGAGGAGTACC-AGGA-CAAGCTAGAAACTCAAAAGACTTGACGGTGC 
Varanus brsvlcauda A F 0 0 4 4 8 4 CCCGAGAACTACC-AGCA-CAAGCTAGAAACTCAAAAGACTTGACGGTGC 
V a r a n u s dumerllll A F 0 0 4 4 8 6 CCCGAGAACTACC-AGCA-AAAGCTAAAAACTCAAAAGACTTGACGGTGC 
V a r a n u s eremlus A F 0 0 4 4 8 8 CCTGAGAACTACT-AGCA-AAAGCTAAAAACTCAAAAGACTTGACGGTGC 
V a r a n u s giganteus A F 0 0 4 4 9 0 CCCGAGAACTACC-AGCA-CAAGCTAAAAACTCAAAAGACTTGACGGTGC 
V a r a n u s gouldll A F 0 0 4 4 9 2 CCCGAGAACTACC-AGCA-CAAGCTAAAAACTCAAAAGACTTGACGGTGC 
Varanus Indlcus A F 0 0 4 4 9 4 CCCGAGAATTACC-AGCA-AAAGCTAAAAACTCAAAAGACTTGACGGTGC 
komodoensis A B 0 8 0 2 7 5 CCCGAGAACTACC-AGCA-CAAGCTAAAAACTCAAAAGACTTGACGGTGC 
V a r a n u s komoensis A F 0 0 4 4 9 6 CCCGAGAACTACC-AGCA-CAAGCTAAAAACTTAAAAGACTTGACGGTGC 
V a r a n u s mertensi A F 0 0 4 4 9 8 CCCGAGAACTACC-AGCA-CAAGCTAAAAACTCAAAAGACTTGACGGTGC 
Varanus mitchelli A F 0 0 4 5 0 0 CCAGAGAATTACC-AGCA-TAAGCTAAAAACTCAAAAGACTTGACGGTGC 
Varanus niloticus A B 1 8 5 3 2 7 CCCGAGAATTACC-AGCA-CAGGCTAAAAACTCAAAAGACTTGACGGTGC 
V a r a n u s niloticus A F 0 0 4 5 0 2 CCCGAGAATTACC-AGCA-CAGGCTAAAAACTCAAAAGACTTGACGGTGC 
V a r a m i s o l i v a c e u s A F 0 0 4 5 0 4 CCCGAGAACTACC-AGCA-AAAGCTAAAAACTCAAAAGACTTGACGGTGC 
Varanus pllbarensis A F 0 0 4 5 0 6 CCCGAGAACTACC-AGCA-TAAGCTAAAAACTCAAAAGACTTGACGGTGC 
Varanus prasinus A F 0 0 4 5 0 8 CCCGAGAATTACC-AGCA-TAAGCTAAAAACTCAAAAGACTTGACGGTGC 
Varanus salvadorii A F 0 0 4 5 1 0 CCCGAGAACTACC-AGCA-CAAGCTAAAAACTCAAAAGACTTGACGGTGC 
Varanus salvator A F 0 0 4 5 1 2 CCTGAGAACTACC-AGCA-CGAGCTAAAAACTCAAAAGACTTGACGGTGC 
Varanus trlstls A F 0 0 4 5 1 6 CCCGAGAACTACC-AGCA-CAAGCTAAAAACTCAAAAGACTTGACGGTGC 
Varanus timorensls A F 0 0 4 5 1 4 CCCGAGGACTACC-AGCA-CAAGCTAAAAACTCAAAAGACTTGACGGTGC 
Varanus varius A F 0 0 4 5 1 8 CCCGAGAACTACC-AGCA-CAAGCTAAAAACTCAAAAGACTTGACGGTGC | 
191 
Appendix 6. (continued) 
Sample names (Codes) lo ^ 30 40 ^ 1 
C 贴 3 1 TTTAAACCCCCCTAGAGGAGCCTGTCCTATAATCGACAGTACACGTTACA 
CMA32 TTCGAACCCACCTAGAGGAGCCTGTCCTGTAATCGACAACACACGATCCA 
° M A 3 3 TTCGAACCCACCTAGAGGAGCCTGTCCTGTAATCGACAACACACGATCCA 
C 贴 3 4 TTC-ACCCAACCTAGAGGAGCCTGTCTAATAACCGATAACCCACGATTAA 
° 脑 扔 TTC-ACCCAACCTAGAGGAGCCTGTCTAATAACCGATAACCCACGATTAA 
° 贴 3 6 TCT-ACCCTACCTAGAGGAGCCTGTCCTATAATCGATACCCCACGATCCA 
° M A 3 7 TTCGAACCCACCTAGAGGAGCCTGTCCTGTAATCGACAACACACGATCCA 
° 贴 3 8 TCT-ACCCTACCTAGAGGAGCCTGTCCTATAATCGATACCCCACGATCCA 
° 贴 TCT-ACCCTACCTAGAGGAGCCTGTCCTATAATCGATACCCCACGATCCA 
° 贴 4 0 TTCGAACCCACCTAGAGGAGCCTGTCCTGTAATCGACAACACACGATCCA 










c m c 7 1 a T T C G A A C C C A C C T A G A G G A G C C T G T C C T G T A A T C G A C A A C A C A C G A T C C A 
c m c 7 1 b T T C - A C C C A A C C T A G A G G A G C C T G T C T A A T A A C C G A T A A C C C A C G A T T A A 
CMD81 TTCGAACCCACCTAGAGGAGCCTGTCCTGTAATCGACAACACACGATCCA 
CMD82 TCT-ACCCTACCTAGAGGAGCCTGTCCTATAATCGATACCCCACGATCCA 




卯 01 TCT-ACCCTACCTAGAGGAGCCTGTCCTATAATCGATACCCCACGATCTA 
VSOL TCT-ACCCTACCTAGAGGAGCCTGTCCTATAATCGATACCCCACGATCTA 
Alligator mississippiensis NC 0 0 1 9 2 2 TTTAAACCCCCCTAGAGGAGCCTGTCCTATAATCGACAGTACACGTTACA 
Alligator mississippiensis Y 1 3 1 1 3 TTTAAACCCCCCTAGAGGAGCCTGTCCTATAATCGACAGTACACGTTACA 
Alligator sinensis A F 5 1 1 5 0 7 TTCGAACCCACCTAGAGGAGCCTGTCCTATAATCGACGGTACACGATTCA 
Alligator sinensis NC 0 0 4 4 4 8 TTCGAACCCACCTAGAGGAGCCTGTCCTATAATCGACGGTACACGATTCA 
Caiman crocodllus A J 4 0 4 8 7 2 TTCAAATCCACCTAGAGGAGCCTGTCCTATAATCGAAAGTACACGATTCA 
Caiman crocodllus NC 0 0 2 7 4 4 TTCAAATCCACCTAGAGGAGCCTGTCCTATAATCGAAAGTACACGATTCA 
Crocodylus acutus U 5 9 6 7 0 TTCGAACCTACCTAGAGGAGCCTGTCCTATAATCGACAATACACGATCCA 
Crocodylus cataphractus A Y 1 9 5 9 4 1 TTCGAACCCTCCTAGAGGAGCCTGTCCTGTAATCGACAATACACGATTAA 
Crocodylus johnsonl A Y 1 9 5 9 4 2 TTCGAACCCCCCTAGAGGAGCCTGTCCTATAATCGACAATACACGATCCA 
Crocodylus zillotlcus A J 8 1 0 4 5 2 TTCGAACCCACCTAGAGGAGCCTGTCCTATAATCGACAATACACGATCCA 
Crocodylus nlloticus NC 0 0 8 1 4 2 TTCGAACCCACCTAGAGGAGCCTGTCCTATAATCGACAATACACGATCCA 
Crocodylus porosus A J 8 1 0 4 5 3 TTCGAACCCGCCTAGAGGAGCCTGTCCTATAATCGACAACACACGATCCA 
Crocodylus porosus NC 0 0 8 1 4 3 TTCGAACCCGCCTAGAGGAGCCTGTCCTATAATCGACAACACACGATCCA 
Crocodylus siamensis E F 5 8 1 8 5 9 TTCGAACCCACCTAGAGGAGCCTGTCCTGTAATCGACAACACACGATCCA 
Python curtus A F 3 6 8 0 6 0 TTC-ACCCAATCTAGAGGAGCCTGTCTAATAACCGATAACCCACGATTAA 
Python molurus A F 2 3 6 6 8 2 TTC-ACCCAACCTAGAGGAGCCTGTCTAATAACCGATAACCCACGATTAA 
Python reglus A B 1 7 7 8 7 8 TTC-ACCCAACCTAGAGGAGCCTGTCTAATAACCGATAACCCACGATTAA 
Python reticulatus Z 4 6 4 4 8 TTC-ACCCAACCTAGAGGAGCCTGTCTAATAACCGATAACCCACGATTAA 
Varanus acanthurus A F 0 0 4 4 7 8 TCT-GCCCAACCTAGAGGAGCCTGTCCTTTAATCGATACTCCACGATCTA 
Varanus alblgularls A F 0 0 4 4 8 0 TCC-ACCCTACCTAGAGGAGCCTGTCCTATAATCGATACCCCACGATCCA 
Varanus bengalensls A F 0 0 4 4 8 2 TCT-ACCCTACCTAGAGGAGCCTGTCCTATAATCGATACCCCACGATCTA 
Varanus brsvicauda A F 0 0 4 4 8 4 TTT-ACCCTACCTAGAGGAGCCTGTCCTTTAATCGATACTCCACGATCCA 
Varanus dumerilli A F 0 0 4 4 8 6 TCT-ACCCTACCTAGAGGAGCCTGTCCTATAATCGATACCCCACGATTCA 
Varanus ereiaius A F 0 0 4 4 8 8 TTT-ACCCTGCCTAGAGGAGCCTGTCCTTTAATCGATACTCCACGATTCA 
Varanus glganteus A F 0 0 4 4 9 0 TCT-ACCCTGCCTAGAGGAGCCTGTCCTATAATCGATACTCCACGATCCA 
Varanus gouldll A F 0 0 4 4 9 2 T C T - A C C C T A C C T A G A G G A G C C T G T C C T A T A A T C G A T A C C C C A C G A T C C A 
Varanus indlcus A F 0 0 4 4 9 4 TCT-ACCCTACCTAGAGGAGCCTGTCCTATAATCGATACTCCACGATCTA 
Varanus komodoensls A B 0 8 0 2 7 5 T C T - A C C C T G C C T A G A G G A G C C T G T C C T A T A A T C G A T A C T C C A C G A T C C A 
Varanus komoensis A F 0 0 4 4 9 6 T C T - A C C C T G C C T A G A G G A G C C T G T C C T A T A A T C G A T A C T C C A C G A T C C A 
Varanus mertensl A F 0 0 4 4 9 8 T C T - A C C C T G C C T A G A G G A G C C T G T C C T A T A A T C G A T A C T C C A C G A T C C A 
Varanus mltchelll A F 0 0 4 5 0 0 TCT-ACCCTACCTAGAGGAGCCTGTTCTTTAATCGATACTCCACGATCCA 
Varanus nlloticus A B 1 8 5 3 2 7 T C T - A C C C T A C C T A G A G G A G C C T G T C C T A T A A T C G A T A C T C C A C G A C C T A 
Varanus nlloticus A F 0 0 4 5 0 2 T C T - A C C C T A C C T A G A G G A G C C T G T C C T A T A A T C G A T A C T C C A C G A C C T A 
Varanus ollvaceus A F 0 0 4 5 0 4 T C T - A T C C T G C C T A G A G G A G C C T G T C C T A T A A T C G A T A C T C C A C G A T C C A 
Varanus pllbarensls A F 0 0 4 5 0 6 T C T - A C C C T A C C T A G A G G A G C C T G T T C T T T A A T C G A T A C T C C A C G A T T C A 
Varanus pxaslnus A F 0 0 4 5 0 8 T C T - A C C C T G C C T A G A G G A G C C T G T C C T A T A A T C G A T A T T C C A C G A T A C A 
Varanus salvadorii A F 0 0 4 5 1 0 T C T - A C C C T G C C T A G A G G A G C C T G T C C T A T A A T C G A T A C C C C A C G A T C T A 
Varanus salvator A F 0 0 4 5 1 2 TCT-ACCCTACCTAGAGGAGCCTGTCCTATAATCGATACCCCACGATCCA 
Varanus trlstls A F 0 0 4 5 1 6 TCT-ACCCTACCTAGAGGAGCCTGTTCTTTAATCGATACCCCACGATCCA 
Varanus timorensis A F 0 0 4 5 1 4 TCT-ACCCTACCTAGAGGAGCCTGTTCTCTAATCGATACTCCACGATCTA 
Varanus varius A F 0 0 4 5 1 8 TCT-ACCCTGCCTAGAGGAGCCTGTCCTATAATCGATACCCCACGATCCA 
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Appendix 6. (continued) 
Sample names (Codes) lo ^ 30 40 ^ 1 
——- • • . • “ • • . I - . . - I . . . - I . . . . I . . . . I . . . . I . . . . I . . . . I . . . . I 
c m a 3 1 CCCGACCACCTTTAGCC-TACTCAGTCTGTATACCGCCGTCGC-AAGCCC 
C 贴 3 2 CCCAACCACCTTTTGCCCTAAGCAGCCTGTATACCGCCGTCGC-AAGCTT 
° 贴 3 3 CCCAACCACCTTTTGCCCTAAGCAGCCTGTATACCGCCGTCGC-AAGCTT 
C 贴 3 4 C C C A A C C A C T T C T G G C C - - A T C C A G T C T A T A T A C C G C C G T C G C - C A G C C C 
c m a 3 5 T C C A A C C A C T T C T G G C C - - A C C C A G T C T A T A T A C C A C C G T C G C - C A G C T C 
c 贴 3 6 CCCGACCACTACTAGCA--CCCCAGCCTATATACCGCCGTCGA-AAGAAT 
c m a 3 7 CCCAACCACCTTTTGCCCTAAGCAGCCTGTATACCGCCGTCGC-AAGCTT 
c m a 3 8 CCCGACCACTACTAGCA--CCCCAGCCTATATACCGCCGTCGA-AAGAAT 
c m a 3 9 CCCGACCACTACTAGCA--CCCCAGCCTATATACCGCCGTCGA-AAGAAT 
c m a 4 0 CCCAACCACCTTTTGCCCTAAGCAGCCTGTATACCGCCGTCGC-AAGCTT 
C 贴 4 1 CCCGACCACTACTAGCA--CCCCAGCCTATATACCGCCGTCGA-AAGAAT 
CCCGACCACTACTAGCA--CCCCAGCCTATATACCGCCGTCGA-AAGAAT 
CCCGACCACTACTAGCA--CCCCAGCCTATATACCGCCGTCGA-AAGAAT 
c 此 5 3 CCCGACCACTACTAGCA--CCCCAGCCTATATACCGCCGTCGA-AAGAAT 
CCCGACCACTACTAGCA--CCCCAGCCTATATACCGCCGTCGA-AAGAAT 





c m c 7 1 a CCCAACCACCTTTTGCCCTAAGCAGCCTGTATACCGCCGTCGC-AAGCTT 
c m c 7 1 b CCCAACCACTTCTGGCC--ATCCAGTCTATATACCGCCGTCGC-CAGCCC 
c m d S l CCCAACCACCTTTTGCCCTAAGCAGCCTGTATACCGCCGTCGC-AAGCTT 
c m c i 8 2 CCCGACCACTACTAGCA--CCCCAGCCTATATACCGCCGTCGA-AAGAAT 
c n i d 8 3 CCCGACCACTACTAGCA—CCCCAGCCTATATACCGCCGTCGA-AAGAAT 
C C O l C C T A A C C A C C C T T A G T T - - A T C C A G T T T G C A T A C C G C C G T C G C - A A G C T T 
C P O l CCCAACCATCTTTTGCCCTAAACAGCCTGTATACCGCCGTCGC-AAGCTT 
C S O l CCCAACCACCTTTTGCCCTAAGCAGCCTGTATACCGCCGTCGC-AAGCTT 
V B O l CCCAACCCCTACTAGCA--CATCAGCCTATATACCGCCGTCGA-AAGTAT 
V S O l CCCGACCACTACTAGCA--CTCCAGCCTATATACCGCCGTCGA-AAGAAT 
Alligator mississippiensis NC 0 0 1 9 2 2 CCCGACCACCTTTAGCCT-ACTCAGTCTGTATACCGCCGTCGC-AAGCCC 
Alligator mississippiensis Y 1 3 1 1 3 CCCGACCACCTTTAGCCT-ACTCAGTCTGTATACCGCCGTCGC-AAGCCC 
Alligator sinensis A F 5 1 1 5 0 7 CCCGACCACCTCTAGCCC--CTCAGCCTGTATACCGCCGTCGCCAAGCCC 
Alligator sinensis NC 0 0 4 4 4 8 CCCGACCACCTCTAGCCC--CTCAGCCTGTATACCGCCGTCGCCAAGCCC 
Caiman crocodilus A J 4 0 4 8 7 2 CCTAACCACCCTTAGTT- -ATCCAGTTTGCATACCGCCGTCGC-AAGCTT 
Caiman crocodilus NC 0 0 2 7 4 4 CCTAACCACCCTTAGTT--ATCCAGTTTGCATACCGCCGTCGC-AAGCTT 
Crocodylus acutus U 5 9 6 7 0 CCCAACCACCTTTTGCCCTAAGCAGCCTGTATACCGCCGTCGT-AAGCTT 
Crocodylus cataphractus A Y 1 9 5 9 4 1 CCCAACCACCTTTTGCCTTAATCAGCCTGTATACCGCCGTCGC-AAGCTT 
Crocodylus johnsonl A Y 1 9 5 9 4 2 CCCAACCACCTTTTGCCCCAAGCAGCCTGTATACCGCCGTCGC-AAGCTT 
Crocodylus niloticus A J 8 1 0 4 5 2 CCCAACCACCTTTTGCCCTAAACAGCCTGTATACCGCCGTCGC-AAGCTT 
Crocodylus niloticus NC 0 0 8 1 4 2 CCCAACCACCTTTTGCCCTAAACAGCCTGTATACCGCCGTCGC-AAGCTT 
Crocodylus porosus A J 8 1 0 4 5 3 CCCAACCATCTTTTGCCCTAAACAGCCTGTATACCGCCGTCGC-AAGCTT 
Crocodylus porosus NC 0 0 8 1 4 3 CCCAACCATCTTTTGCCCTAAACAGCCTGTATACCGCCGTCGC-AAGCTT 
Crocodylus siamensis E F 5 8 1 8 5 9 CCCAACCACCTTTTGCCCTAAGCAGCCTGTATACCGCCGTCGC-AAGCTT 
Python curtus A F 3 6 8 0 6 0 TCCAACCACTTCTGGCC--CCCCAGTCTATATACCGCCGTCGT-CAGCTC 
Python molurus A F 2 3 6 6 8 2 TCCAACCACTTCTAGCC—ACCCAGTCTATATACCGCCGTCGC-CAGCTC 
Python regius AB177878 CCCAACCACTTCTGGCC--ACACAGTCTATATACCGCCGTCGC-CAGCTC 
Python reticulatus Z 4 6 4 4 8 CCCAACCACTTCTGGCC--ATCCAGTCTATATACCGCCGTCGC-CAGCCC 
Varanus acanthurus A F 0 0 4 4 7 8 CCCAACCACTACTAGCAA-CTCCAGCCTATATACCGCCGTCGA-AAGTAT 
Varanus albigularls A F 0 0 4 4 8 0 CCCGACCCTTACTAGCC--CACCAGCCTATATACCGCCGTCGA-AAGCAT 
Varanus bengalensis A F 0 0 4 4 8 2 CCCAACCCCTACTAGCA--CATCAGCCTATATACCGCCGTCGA-AAGTAT 
Varanus brevlcauda A F 0 0 4 4 8 4 CCCGACCGCCACTAGCAA-CTTCAGCCTATATACCGCCGTCGA-AAGTAT 
Varanus dumerllll A F 0 0 4 4 8 6 CCCAACCACTACTAGCA--CCACAGCCTATATACCGCCGTCGA-AAGTAT 
Varanus eremlus A F 0 0 4 4 8 8 CCCGACCACCGCTAGCAA-CTTCAGCCTATATACCGCCGTCGA-AAGTAT 
Varanus glganteus A F 0 0 4 4 9 0 CCCGACCGCCACTAGCAA-CTTCAGCCTATATACCGCCGTCGA-AAGTAT 
Varanus gouldll A F 0 0 4 4 9 2 CCCGACCGCCACTAGCAA-CTTCAGCCTATATACCGCCGTCGA-AAGTAT 
Varanus indlcus A F 0 0 4 4 9 4 CCCGACCATCACTAGCA--CCCCAGCCTATATACCGCCGTCGA-AAGTAT 
Varanus komodoensis A B 0 8 0 2 7 5 CCCGACCGTCACTAGTAA-CTTCAGCCTATATACCGCCGTCGA-AAGTGT 
Varanus komoensis A F 0 0 4 4 9 6 C C C G A C C G T C A C T A G T A A - C T T C A G C C T A T A T A C C G C C G T C G A - A A G T G T 
Varanus mertensi A F 0 0 4 4 9 8 C C C G A C C G C C A C T A G C A A - T T T C A G C C T A T A T A C C G C C G T C G A - A A G T A T 
Varanus mltchelli A F 0 0 4 5 0 0 C C C G A C C A C C A C T G G C A A - C T T C A G C C T A T A T A C C G C C G T C G A - A A G T A T 
Varanus niloticus A B 1 8 5 3 2 7 CCTGACCTTTACTAGCC--CACCAGCCTATATACCGCCGTCGA-AAGTAT 
Varanus niloticus A F 0 0 4 5 0 2 C C T G A C C T T T A C T A G C C - - C A T C A G C C T A T A T A C C G C C G T C G A - A A G T A T 
Varanus olivaceus A F 0 0 4 5 0 4 C C C G A C C A C C A C T A G C A - - C C C C A G C C T A T A T A C C G C C G T C G A - A A G T A T 
Varanus pxlharensls A F 0 0 4 5 0 6 C C C G A C C A C C A C T A G C A A - C T T C A G C C T A T A T A C C G C C G T C G A - A A G T A T 
Varanus praslnus A F 0 0 4 5 0 8 C C C A A C C A C T A C T A G C A T - C T - C A G T C T A T A T A C C G C C G T C G A - A A G T A T 
Varanus salvadorii A F 0 0 4 5 1 0 CCCAACCATCACTAGCAA-CTTCAGCCTATATACCGCCGTCGA-AAGTAT 
Varanus salvator A F 0 0 4 5 1 2 CCCGACCACTACTAGCA--CCCCAGCCTATATACCGCCGTCGA-AAGAAT 
Varanus trlstls A F 0 0 4 5 1 6 CCCGACCACCACTAGCAA-CTTCAGCCTATATACCGCCGTCGA-AAGTGT 
Varanus timorensls A F 0 0 4 5 1 4 CCCGACCATCACTGGCAA-CTCCAGCCTATATACCGCCGTCGA-AAGTAT 
Varanus varlus A F 0 0 4 5 1 8 CCCGACCGTCACTGGCAA-CTCCAGCCTATATACCGCCGTCGA-AAGTAT 
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Appendix 6. (continued) 
Sample names (Codes) lo ^ 30 40 ^ 1 
… • I • … I … • I • . . . I . … I . . . . I . . . . I … . I . . . . I . . . . I 
C 贴 3 1 GTCCCATTTGAGGGAAACAAAACGCGCGCAACAGCTCAACC——GAGCTA 
C 贴 3 2 AGCCC—CTGAGGGACAAGTACCTAGCACAATAACCCACCT-CTGAGCTA 
C 贴 33 AGCCC--CTGAGGGACAAGTACCTAGCACAATAACCCACCT-CTGAGCTA 
c m a 3 4 A C C T T - - G C A A A A G A A A C A A A G T G A G C C A A A C A G T A C T A C A C T A 
C 贴 35 ACCTT--GCAAAAGAAACAAAGTGAACAAAACAGTCATT ACACTA 
c 贴 36 ATCCT--GCAAAGGGCCCATAATTATCCCAACAGCCACA T-CACTA 
C®a37 AGCCC--CTGAGGGACAAGTACCTAGCACAATAACCCACCT-CTGAGCTA 
cma38 ATCCT--GCAAAGGGCCCATAATTATCCCAACAGCCACA T-CACTA 
C 脑 39 ATCCT--GCAAAGGGCCCATAATTATCCCAACAGCCACA T-CACTA 
AGCCC--CTGAGGGACAAGTACCTAGCACAATAACCCACCT-CTGAGCTA 









cn>b59 ATCCT—GCAAAGGGCCCATAATTATCCCAACAGCCACA T-CACTA 
c m c V l a A G C C C - - C T G A G G G A C A A G T A C C T A G C A C A A T A A C C C A C C T - C T G A G C T A 
c m c 7 1 b A C C T T - - G C A A A A G A A A C A A A G T G A G C C A A A C A G T A C T A C A C T A 
c m d S l A G C C C - - C T G A G G G A C A A G T A C C T A G C A C A A T A A C C C A C C T - C T G A G C T A 
c m d 8 2 A T C C T - - G C A A A G G G C C C A T A A T T A T C C C A A C A G C C A C A T - C A C T A 




VBOl ATCCT--GCAAAGGATCCACAATTATCTCAATAGCCC ACCACTA 
VSOl ATCCT--GCAAAGGGCCCATAATTATCCCAACAGCCACA TACACTA 
Alligator mississippiensis NC 0 0 1 9 2 2 GTCCCATTTGAGGGAAACAAAACGCGCGCAACAGCTCAACC——GAGCTA 
Alligator mississippiensis Y 1 3 1 1 3 GTCCCATTTGAGGGAAACAAAACGCGCGCAACAGCTCAACC——GAGCTA 
Alligator sinensis A F 5 1 1 5 0 7 GTCCC-CCTGAGGGAGACAAAACGAGCACAATAGCCTC-CC---AGGCTA 
Alligator sinensis NC 0 0 4 4 4 8 GTCCC-CCTGAGGGAGACAAAACGAGCACAATAGCCTC-CC——AGGCTA 
Caiman crocodilus A J 4 0 4 8 7 2 GTCTC-GCTGAGAGAAAAAAAATGAGAAAAATAACCCCCCC--CCCGCTA 
Caiman crocodilus NC 0 0 2 7 4 4 GTCTC-GCTGAGAGAAAAAAAATGAGAAAAATAACCCCCCC--CCCGCTA 
Crocodylus acutus U 5 9 6 7 0 AGCCC--ATGAGGGACAAGAACCTAGCACAATAACTCACTT-CTGAGCTA 
Crocodylus cataphractus A Y 1 9 5 9 4 1 ACCCC--TTGAGGGATAAATACCTAGCGCAACAGCTCATTTATTAAGCTA 
Crocodylus johnsonl A Y 1 9 5 9 4 2 AGCCC--ATGAGGGACAAGCACTTAGCACAATAACTCACTC-CCGAGCTA 
C r o c o d y l u s niloticus A J 8 1 0 4 5 2 AGCCC--ATGAGGGACAAGAACCTAGCACAATAACTCACTT-CTGAGCTA 
Crocodylus niloticus NC 0 0 8 1 4 2 AGCCC--ATGAGGGACAAGAACCTAGCACAATAACTCACTT-CTGAGCTA 
Crocodylus porosus A J 8 1 0 4 5 3 AGCCC--ATGAGGGACAAGTACCTAGCACAATAACTCACTT-CTGAGCTA 
Crocodylus porosus NC 0 0 8 1 4 3 AGCCC—ATGAGGGACAAGTACCTAGCACAATAACTCACTT-CTGAGCTA 
Crocodylus siamensis E F 5 8 1 8 5 9 AGCCC—CTGAGGGACAAGTACCTAGCACAATAACCCACCT-CTGAGCTA 
Python curtus AF368060 ACCTT--GCAAAAGAAACAAAGCGAACTAAACAGTCAT ACACTA 
Python molurus AF236682 ACCTT--GCAAAAGAAACAAAGTGAACCAAATAGTCAT ACACTA 
Python regius AB177878 ACCTT--GCAAGAGAAACAAAGTGAACCAAACAGTAAT ACACTA 
Python reticulatus Z46448 ACCTT--GCAAAAGAAACAAAGTGAGCCAAACAGTACT ACACTA 
Varanus acanthurus A F 0 0 4 4 7 8 ATCCC--CCAAGGGACACATAATTTTCCAAATAGTCC CCCACTA 
Varanus aJLbxgularis A F 0 0 4 4 8 0 ATCCT--GCAAAGGACTGGTAATTGACTCAACAGTCT CCACTA 
Varanus bengalensis A F 0 0 4 4 8 2 ATCCT--GCAAAGGATCCACAATTATCTCAATAGCCC ACCACTA 
Varanus brevlcauda A F 0 0 4 4 8 4 ATCCC--CCAAGAGATGCATAATTTTCCCAATAGCCCCG_-CCCCCGCTA 
Varanus dvmerllll A F 0 0 4 4 8 6 ATCCT—GCAAAGGATCCATAATTATCTCAACAGCCCGA ACCACTA 
Varanus eremlus AF004488 ATCCC--CCAAGAGACACATAATTTTCCCAATAGTTCT CCCACTA 
Varanus giganteus AF004490 ATCCC-_CCAAGGGATCTATAATTCTCTTAATAGTCCA CCCCCCTG 
Varanus gouldil A F 0 0 4 4 9 2 A T C C C - - C C A A G G G A C T T A T A A T T T T C C C A A A A G C C C A C C C C C - T A 
Varanus indlcus A F 0 0 4 4 9 4 ATCCC--GCAAAGGATCCATAATTATCTCAACAGTTCA CACCACTA 
Varanus komodoensis A B 0 8 0 2 7 5 A T C C C - - T C A A A G G A C C T A T A A T T T T C T C A A T A G T C T C C C G C T A 
Varanus komoensis A F 0 0 4 4 9 6 ATCCC--TCAAAGGACCTATAATTTTCTCAATAGTC TCCCGCTA 
Varanus mertensl A F 0 0 4 4 9 8 A T C C C - - C C A A G G G A C C T A T A A T T T T C C T A A T A G G T C A C C C C C - T A 
Varanus zaltchelli AF004500 ATCTC--CCAAGAGACCCATAATTTTCTCAACAGCCT CCCCCGCTA 
Varanus niloticus A B 1 8 5 3 2 7 ATTCT--GCAAAGAATAAATAATTGACCCAACAGTCTTA CCACTA 
Varanus niloticus A F 0 0 4 5 0 2 A T T C T - - G C A A A G A A T C A A T A A T T G A C C C A A C A G T C T T A C C A C T A 
Varanus olivaceus A F 0 0 4 5 0 4 ATCCC--GCAAAGGATCTATAATTATCTCAACAGTCTC CGCCACTA 
Varanus pllbarensis A F 0 0 4 5 0 6 A T C T C - - C C A A G A G A T G C A T A A T T T T C C C A A T A G T C T A T C T C T C C C A C T A 
Varanus prasinus A F 0 0 4 5 0 8 A T C C C - - T C A A A G G C C C C A T A A T T A T C T C A A T A G C C C C C C G C T G 
Varanus Salvador!! A F 0 0 4 5 1 0 A T C C C - - T C A A A G G A C C T A T A A T T T T C T C A A C A G T C A C C C C A C T A 
Varanus salvator A F 0 0 4 5 1 2 A T C C T - - G C A A A G G G C C C A T A A T T A T C C C A A C A G C C A C A T C A C T A 
Varanus tristis A F 0 0 4 5 1 6 A T T T C - - C C A A G A A A C T T A T A A T T T T C C C A A T A G T C T T C C C C A C T A 
Varanus timorensis A F 0 0 4 5 1 4 A T C C C - - T C A A G A G A C C C A T A A T T T T C T C A A C A G T C T C A C C C A C T A 
Varanus varlus A F 0 0 4 5 1 8 ATCCC--TCAAAGGACCTATAATTTTCTCAACAGTCCCC--CCCCCACTA 
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Appendix 6. (continued) 
Sample names (Codes) " 1 ^ ^ ^ 1 
：^ .…丨•…丨•…丨•...••…I . . . , 1 . … 丨 … . I . … I . . . . I 
CMA《； ACACGTCAGGTCAAGGTGCAGCCAACAAGGTGGAAGA-GATGGGCTACAT 
^ ^ ^ I Z GTACGTCAGGTCAAGGTGCAGCCAATAAGCTGGTAGA-GATGGGCTACAT 
C 二 ; ^ GTACGTCAGGTCAAGGTGCAGCCAATAAGCTGGTAGA-GATGGGCTACAT 
CMA；^� ATACGACAGGTCGAGGTGTAACTAATGAAGTGGACCAAGATGGGCTACAT 
C 贴 A C A C G A C A G G T C G A G G T G T A A C T A A T G A A G T G G A C T A A G A T G G G C T A C A T 
C 贴 ” AAACGTCAGGCCAAGGCATAGCTAATGTAGAGG-CAGAGATGGGCTACAT 
C 贴 二 GTACGTCAGGTCAAGGTGCAGCCAATAAGCTGGTAGA-GATGGGCTACAT 
CMA 二 AAACGTCAGGCCAAGGCATAGCTAATGTAGAGG-CAGAGATGGGCTACAT 
C 贴 二 AAACGTCAGGCCAAGGCATAGCTAATGTAGAGG-CAGAGATGGGCTACAT 
CMA 二 GTACGTCAGGTCAAGGTGCAGCCAATAAGCTGGTAGA-GATGGGCTACAT 





C 二 = AAACGTCAGGCCAAGGCATAGCTAATGTAGAGG-CAGAGATGGGCTACAT 
•^二 AAACGTCAGGCCAAGGCATAGCTAATGTAGAGG-CAGAGATGGGCTACAT 
C 二 = GTACGTCAGGTCAAGGTGCAGCCAATAAGCTGGTAGA-GATGGGCTACAT 
C 二 二 AAACGTCAGGCCAAGGCATAGCTAATGTAGAGG-CAGAGATGGGCTACAT 
AAACGTCAGGCCAAGGCATAGCTAATGTAGAGG-CAGAGATGGGCTACAT 
GTACGTCAGGTCAAGGTGCAGCCAATAAGCTGGTAGA-GATGGGCTACAT 
C 二 LB ATACGACAGGTCGAGGTGTAACTAATGAAGTGGACCAAGATGGGCTACAT 
H GTACGTCAGGTCAAGGTGCAGCCAATAAGCTGGTAGA-GATGGGCTACAT 
CMD82 AAACGTCAGGCCAAGGCATAGCTAATGTAGAGG-CAGAGATGGGCTACAT 




卯 0 1 AAACGTCAGGCCAAGGCATAGCTAATGTAGAGG-CAGAGATGGGCTACAT 
VSOL AAACGTCAGGCCAAGGCATAGCTAATGCAGAGG-CAGAGATGGGCTACAT 
Alligator mississippiensis NC 0 0 1 9 2 2 ACACGTCAGGTCAAGGTGCAGCCAACAAGGTGGAAGA-GATGGGCTACAT 
Alligator mississippiensis Y13113 ACACGTCAGGTCAAGGTGCAGCCAACAAGGTGGAAGA-GATGGGCTACAT 
Alligator sinensis A F 5 1 1 5 0 7 GCACGTCAGGTCAAGGTGCAGCCAATGAGGTGGAAGA-GATGAGCTACAT 
Alligator sinensis NC 0 0 4 4 4 8 GCACGTCAGGTCAAGGTGCAGCCAATGAGGTGGAAGA-GATGAGCTACAT 
crocodilus A J 4 0 4 8 7 2 AAACGTCAGGTCAACGCGCAGCTAATGGGGTGGAAAG-GATGTGCTACAT 
C a i m a n c r o c o d i l u s NC 0 0 2 7 4 4 AAACGTCAGGTCAACGCGCAGCTAATGGGGTGGAAAG-GATGTGCTACAT 
CROCODYLUS acutus U 5 9 6 7 0 GTACGTCAGGTCAAGGTGCAGCCAATAAGTTGGTAGA-GATGGGCTACAT 
CROCODYLUS cataphractus A Y 1 9 5 9 4 1 ATACGTCAGGTCAAGGTGCAGCCAATAAGCTGGTAGA-GATGGGCTACAT 
C r o c o d y l u s johnsoni A Y 1 9 5 9 4 2 GCACGTCAGGTCAAGGTGCAGCCAATAAGTTGGTAGA-GATGGGCTACAT 
C r o c o d y l u s nllotlcus A J 8 1 0 4 5 2 GTACGTCAGGTCAAGGTGCAGCCAATAAGTTGGTAGA-GATGGGCTACAT 
C r o c o d y l u s nllotlcus NC 0 0 8 1 4 2 GTACGTCAGGTCAAGGTGCAGCCAATAAGTTGGTAGA-GATGGGCTACAT 
CROCODYLUS porosus A J 8 1 0 4 5 3 GTACGTCAGGTCAAGGTGCAGCCAATAAGTTGGTAGA-GATGGGCTACAT 
CROCODYLUS porosus NC 0 0 8 1 4 3 GTACGTCAGGTCAAGGTGCAGCCAATAAGTTGGTAGA-GATGGGCTACAT 
C r o c o d y l u s siamensis E F 5 8 1 8 5 9 GTACGTCAGGTCAAGGTGCAGCCAATAAGCTGGTAGA-GATGGGCTACAT 
Python curtus A F 3 6 8 0 6 0 ACACGACAGGTCGAGGTGTAACTAATGAAGTGGACTAAGATGGGCTACAT 
PYTHON molurus A F 2 3 6 6 8 2 ACACGACAGGTCGAGGTGTAACTAATGAAATGGACTATGATGGGCTACAT 
P Y ^ ^ O ^ R E G I U S A B 1 7 7 8 7 8 ACACGACAGGTCGAGGTGTAACTCATGAAGTGGACCAAGATGGGCTACAT 
PYTHON reticulatus Z 4 6 4 4 8 ATACGACAGGTCGAGGTGTAACTAATGAAGTGGACCAAGATGGGCTACAT 
Varanus acanthurus A F 0 0 4 4 7 8 AAACGTCAGGCCAAGGCATAGCTAATGTAATGG-CAGAGATGGGCTACAT 
Varanus albigrularis A F 0 0 4 4 8 0 AAACGTCAGGCCAAGGCATAGCTCATGTAACGG-CAGAGATGGGCTACAT 
Varanus bengalensis A F 0 0 4 4 8 2 AAACGTCAGGCCAAGGGATAGGTATTGTTGAGG-GAGAGATGGGCTACAT 
Varanus brevicauda A F 0 0 4 4 8 4 AAACGTCAGGCCAAGGCATAGCTAATGTGGCGG-CAGAGATGGGCTACAT 
V a r a n u s dtanerllll A F 0 0 4 4 8 6 AAACGTCAGGTCAAGGCATAGCTAATGTAGAGG-CAGAGATGGGCTACAT 
V a r a n u s e r e m i u s A F 0 0 4 4 8 8 AAACGTCAGGCCAAGGCATAGCTAATGCAGTGG-CAGAGATGGGCTACAT 
V a r a n u s glganteus A F 0 0 4 4 9 0 AAACGTCAGGCCAAGGCATAGCTAATGTGTCGG-CAGAGATGGGCTACAT 
V a r a n u s gouldli A F 0 0 4 4 9 2 AAACGTCAGGCCAAGGCATAGCTTATGTGACGG-CAGAGATGGGCTACAT 
V a r a n u s Indlcus A F 0 0 4 4 9 4 AAACGTCAGGCCAAGGCATAGCTTATATGATGG-CAGAGATGGGCTACAT 
Varanus komodoensis AB080275 AAACGTCAGGCCAAGGCATAGCTAATGTGACGG-CAGAGATGGGCTACAT 
V a r a n u s komoensis A F 0 0 4 4 9 6 AAACGTCAGGCCAAGGCATAGCTAATGTGACGG-CAGAGATGGGCTACAT 
Varanus mertensl A F 0 0 4 4 9 8 AAATGTCAGGCCAAGGCATAGCTAATGTGACGG-CAGAGATGGGCTACAT 
Varanus mltchelli A F 0 0 4 5 0 0 AAACGTCAGGCCAAGGCATAGCTAATGTGGTGG-CAGAAATGGGCTACAT 
nllotlcus A B 1 8 5 3 2 7 AAACGTCAGGCCAAGGCATAACTAATGTAAAGG-AAGAGATGGGCTACAT 
Varanus nllotlcus A F 0 0 4 5 0 2 AAACGTCAGGCCAAGGCATAACTAATGTAAAGG-AAGAGATGGGCTACAT 
V a r a n u s olxvaceus A F 0 0 4 5 0 4 AAACGTCAGGCCAAGGCATAGCTAATGTAGTGG-CAGAGATGGGCTACAT 
Varanus pllbarensls A F 0 0 4 5 0 6 AAACGTCAGGCCAAGGCATAGCTAATGTGATGG-TAGAAATGGGCTACAT 
Varanus prasinus A F 0 0 4 5 0 8 GAACGTCAGGCCAAGGCATAGCTAACGTAGTGG-AAGAGATGGGCTACAT 
Varanus Salvador!! A F 0 0 4 5 1 0 AAACGTCAGGCCAAGGCATAGCTAATGTGACGG-CAGAGATGGGCTACAT 
Varanus salvator A F 0 0 4 5 1 2 AAACGTCAGGCCAAGGCATAGCTAATGTAGAGG-CAGAGATGGGCTACAT 
V a r a n u s tristis A F 0 0 4 5 1 6 GAACGTCAGGCCAAGGCATAGCCAATGTGATGG-CAGAAATGGGCTACAT 
Varanus timorensis A F 0 0 4 5 1 4 AAACGTCAGGCCAAGGCATAGCTAATGTGATGG-CAGAAATGGGCTACAT 
V a r a n u s v a r i u s A F 0 0 4 5 1 8 AAACGTCAGGCCAAGGCATAGCTAATGTGACGG-TAGAGATGGGCTACAT | 
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Appendix 6. (continued) 
Sample names (Codes) lo ^ 3 0 40 ^ 1 
— . … “ … ' … 小 … ！ … 小 … ！ … 小 … ！ … 小 … ! 
-：^ TTTCTCAACATGTAGAAATATTCAACGGAGAGCCCTATGAAATACAGGAC 
C 贴 二 T T T C T A C A C - T A T A G A A A T T G G T C A C G G A G A G G C C T G T G A A A C - C A G G A C 
TTTCTACAC-TATAGAAATTGGTCACGGAGAGGCCTGTGAAAC-CAGGAC 
C 贴 二 T T T C T — A A - C A C A G A A C A CACGAACAAAGACATGAAAC TGC 
c m a 二 T T T C T — A A - T A C A G A C C A C A C G A A T A A A G A C A T G A A A C T G T 
C ® a ” T T T C T - G G C - T A C A G A A C A A A C G A A A A A T A G C A T G A A A C — C T G C 
c m a 二 T T T C T A C A C - T A T A G A A A T T G G T C A C G G A G A G G C C T G T G A A A C - C A G G A C 
c m a 二 T T T C T - G G C - T A C A G A A C A A A C G A A A A A T A G C A T G A A A C — C T G C 
T T T C T - G G C - T A C A G A A C A AACGAAAAATAGCATGAAAC—-CTGC 
C 二 J T T T C T A C A C - T A T A G A A A T T G G T C A C G G A G A G G C C T G T G A A A C - C A G G A C 
c m a 4 1 T T T C T - G G C - T A C A G A A C A A A C G A A A A A T A G C A T G A A A C - - _ C T G C 
T T T C T - G G C - T A C A G A A C A AACGAAAAATAGCATGAAAC-—CTGC 
TTTCT-GAC-TACAGAACA AACGAAAAATAGCATGAAAC——CTGC 
T T T C T - G G C - T A C A G A A C A AACGAAAAATAGCATGAAAC—CTGC 
TTTCT-GGC-TACAGAACA AACGAAAAATAGCATGAAAC—CTGC 
TTTCT-GGC-TACAGAACA AACGAAAAATAGCATGAAAC—CTGC 
c 此 5 6 T T T C T - G G C - T A C A G A A C A A A C G A A A A A T A G C A T G A A A C — C T G C 
TTTCTACAC-TATAGAAATTGGTCACGGAGAGGCCTGTGAAAC-CAGGAC 
T T T C T - G G C - T A C A G A A C A AACGAAAAATAGCATGAAAC—CTGC 
TTTCT-GGC-TACAGAACA AACGAAAAATAGCATGAAAC—CTGC 
C ® c 7 1 a T T T C T A C A C - T A T A G A A A T T G G T C A C G G A G A G G C C T G T G A A A C - C A G G A C 
c ° ^ c 7 1 b T T T C T — A A - C A C A G A A C A C A C G A A C A A A G A C A T G A A A C T G C 
TTTCTACAC-TATAGAAATTGGTCACGGAGAGGCCTGTGAAAC-CAGGAC 
C ® d 8 2 T T T C T - G G C - T A C A G A A C A A A C G A A A A A T A G C A T G A A A C — — C T G C 
C ® d 8 3 T T T C T - G A C - T A C A G A A C A A A C G A A A A A T A G C A T G A A A C — — C T G C 
C C O l T T T C T A - A C A C A T A G A A A T A C G T G A C G G A A C G T C C C G T G A A A C - C G G G A C 
C P O l T T T C T A C A C - T A T A G A A A C C A G T C A C G G A G A G G C C T G T G A A A C - C A G G A C 
C S O l T T T C T A C A C - T A T A G A A A T T G G T C A C G G A G A G G C C T G T G A A A C - C A G G A C 
卯 0 1 T T T C T - G A A - T G C A G A A C A A A C G A A A A A T A A C A T G A A A T - - A T T G T 
V S O l T T T C T - G G C - T A C A G A A C A A A C G A A A A A T A G C A T G A A A C — — C T G C 
Alligator mississippiensis NC 0 0 1 9 2 2 TTTCTCAACATGTAGAAATATTCAACGGAGAGCCCTATGAAATACAGGAC 
Alligator mississippiensis Y13113 TTTCTCAACATGTAGAAATATTCAACGGAGAGCCCTATGAAATACAGGAC 
Alligator sinensis A F 5 1 1 5 0 7 TTTCT-AACACATAGAAATATGCAACGGAGAGCCCTGTGAAAC-CAGGGC 
Alligator sinensis NC 0 0 4 4 4 8 TTTCT-AACACATAGAAATATGCAACGGAGAGCCCTGTGAAAC-CAGGGC 
Caiman crocodilus A J 4 0 4 8 7 2 TTTCTA-ACACATAGAAATACGTGACGGAACGTCCCGTGAAAC-CGGGAC 
Caiman crocodilus NC 0 0 2 7 4 4 TTTCTA-ACACATAGAAATACGTGACGGAACGTCCCGTGAAAC-CGGGAC 
Crocodylus acutus U 5 9 6 7 0 TTTCTACAT-CATAGAAATTGGTCACGGAGAGGCCTGTGAAAC-CAGGAC 
Crocodylus cataphractus AY195941 TTTCCACAT-TATAGAAATTAGTCACGGAGAGACCTGTGAAAT-CAGGAC 
Crocodylus johnsoni AY195942 TTTCTACAT-TATAGAAATTGGTCACGGAGAGGACTGTGAAAC-CAGGAC 
Crocodylus niloticus A J 8 1 0 4 5 2 TTTCTACAT-CATAGAAATTAGTCACGGAGAGGCCTGTGAAAC-CAGGAC 
Crocodylus niloticus NC 0 0 8 1 4 2 TTTCTACAT-CATAGAAATTAGTCACGGAGAGGCCTGTGAAAC-CAGGAC 
Crocodylus porosus A J 8 1 0 4 5 3 TTTCTACAC-TATAGAAACCAGTCACGGAGAGGCCTGTGAAAC-CAGGAC 
Crocodylus porosus NC 0 0 8 1 4 3 TTTCTACAC-TATAGAAACCAGTCACGGAGAGGCCTGTGAAAC-CAGGAC 
Crocodylus siamensis E F 5 8 1 8 5 9 TTTCCACAC-TATAGAAATTGGTCACGGAGAGGCCTGTGAAAC-CAGGAC 
Python curtus A F 3 6 8 0 6 0 T T T C T - - A A - C A C A G A C T A T A C G A A T A A A G A C A T G A A A C T G T 
Python molurus A F 2 3 6 6 8 2 T T T C T - - A A - T A C A G A C C A T A C G A A T A A A G A C A T G A A A C T T T 
Python regius A B 1 7 7 8 7 8 TTTCT--AA-CACAGACTA TACGAACAAAGACATGAAAC CAT 
Python reticulatus Z 4 6 4 4 8 TTTCT—AA-CACAGAACA CACGAACAAAGACATGAAAC TGC 
Varanus acanthurus A F 0 0 4 4 7 8 T T T C T - A A T - T G A A G A A C A C A C G A A A G A T G A T A T G A A A C - - C - T G T 
Varanus alhigularls A F 0 0 4 4 8 0 T T T T T - A T T - T A T A A A A A A CACGAAAAATAATATGAAAC--TTATT 
Varanus bengalensis A F 0 0 4 4 8 2 T T T C T - N N A - T G C A G A A C A A A C G A A A A A T A A C A T G A A A C — T T G N 
V a r a n u s brevicauda A F 0 0 4 4 8 4 TTTCT-GCA-CTCAGAACA CACGAAAGACAATATGAAAC—C-TAT 
Varanus dumerllll A F 0 0 4 4 8 6 TTTCT-GAG-CACAGAACA AACGAAAAGTGACATGAAAC---CTGC 
Varanus eremius A F 0 0 4 4 8 8 TTTCT-GAT-CACAGAACA TACGAAAGATAGCATGAAAC--C-CGC 
Varanus glganteus A F 0 0 4 4 9 0 TTTCT-AAC-TACAGAACA TACGAAAGATGGCCTGAAAC--CCACC 
Varanus gouldii A F 0 0 4 4 9 2 T T T C T - A C C - C G - A G A A C A TACGAAAGATGGCCTGAAAC--TTGCC 
Varanus indicus A F 0 0 4 4 9 4 T T T C T - G A T - C A C A G A A C A C A C G A A A A A T A G C A T G A A A C — C - C G C 
Varanus komodoensis A B 0 8 0 2 7 5 T T T C T G A C C - A C - A G A A C A C A C G A A A A A T G G T A T G A A A C - - C - T A C 
Varanus komoensis A F 0 0 4 4 9 6 T T T C T G A C C - A C - A G A A C A C A C G A A A A A T G G T A T G A A A C - - C - T A C 
Varanus mertensi A F 0 0 4 4 9 8 TTTCT-AAT-TACAGAACA CACGAAAGATGGCCTGAAAT—CCGCC 
Varanus mltchelli A F 0 0 4 5 0 0 TTCCTTAAC-CAAAGGAAA TACGAAAGATGGTATGAAAC--CTTAC 
Varanus niloticus A B 1 8 5 3 2 7 TTTCT-ACT-CACAGAACA CACGAAAAATAACATGAAAC--CTGTT 
Varanus niloticus A F 0 0 4 5 0 2 T T T C T - A C T - C A C A G A A C A C A C G A A A A A T A A C A T G A A A C - - C T G T T 
Varanus olivaceus A F 0 0 4 5 0 4 TTTCT-GAA-ACCAGAACA CACGAAAAATAGCATGAAAC--C_AAC 
Varanus pilbarensis A F 0 0 4 5 0 6 T T C C T - A A C - T G A A G G A A A T A C G A A A G G T G G C A T G A A A C - - C C T G C 
Varanus prasinus A F 0 0 4 5 0 8 TTTCT-GAA-ACCAGAACA TACGAAAAATGGCATGAAAA—T-TGC 
Varanus salvadorii A F 0 0 4 5 1 0 T T T C T A A C C - G C C A G A A C A C A C G A A A A A T A G C A T G A A A A - - C - T G C 
Varanus salvator A F 0 0 4 5 1 2 T T T C T - G G C - T A C A G A A C A A A C G A A A A A T A G C A T G A A A C — — C T G C 
Varanus tristis A F 0 0 4 5 1 6 T T T C T - G A T - T A C A G A A A A T A C G A A A G G T G G T A T G A A A C - - C T T A C 
Varanus timorensis A F 0 0 4 5 1 4 T T T C T - A A T - A G C A G A A A A C A C G A A A G A T G A C A T G A A A C - - C C T G T 
Varanus varius A F 0 0 4 5 1 8 | T C T C T G T T T - C C - A A A G T A C A C G A A A A A T G G C A T G A A A T - - C - T G T 
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Appendix 6. (continued) 
Sample names (Codes) lo ^ 30 40 ^ 1 
——- • . . . I - . - - I . . . . I . . - . I . . . . I . . . . I . . . . I . . . . I . . . . I . . . . I 
咖 a 3 1 T G T C - A A A G C C G G A T T T A G C A G T A A A C T G G G A A A G A A T A - C C T A G T T G A A 
C 贴 3 2 T G T C - A A A G A C G G A T T T A G C A G T A A A T T A G G A G A A G A G T G C C T A A T T G A A 
c m a 3 3 T G T C - A A A G A C G G A T T T A G C A G T A A A T T A G G A G A A G A G T G C C T A A T T G A A 
CTTCCAAAGGTGGATTTAGCAGTAAGCTAAGGACAAAATACCTAGCTGAA 
c m a 3 5 TCTCTGAAGGCGGATTTAGCAGTAAGCTAAGGACACAATACTCAGCTGAA 
c m a 3 6 TACTCAAAGGTGGATTTAGCAGTAAGATGAAAA-AGCATACTCACCTTAA 
c 贴 3 7 TGTC-AAAGACGGATTTAGCAGTAAATTAGGAGAAGAGTGCCTAATTGAA 
c m a 3 8 TACTCAAAGGTGGATTTAGCAGTAAGATGAAAA-AGCATACTCACCTTAA 
。贴39 T A C T C A A A G G T G G A T T T A G C A G T A A G A T G A A A A - A G C A T A C T C A C C T T A A 
c m a 4 0 T G T C - A A A G A C G G A T T T A G C A G T A A A T T A G G A G A A G A G T G C C T A A T T G A A 
C 贴 4 1 TACTCAAAGGTGGATTTAGCAGTAAGATGAAAA-AGCATACTCACCTTAA 
TACTCAAAGGTGGATTTAGCAGTAAGATGAAAA-AGCATACTCACCTTAA 
TACTCAAAGGTGGATTTAGCAGTAAGATGAAAA-AGCATACTCACCTTAA 






C ™ b 5 9 T A C T C A A A G G T G G A T T T A G C A G T A A G A T G A A A A - A G C A T A C T C A C C T T A A 
c m c 7 1 a TGTC-AAAGACGGATTTAGCAGTAAATTAGGAGAAGAGTGCCTAATTGAA 
c m c 7 l b CTTCCAAAGGTGGATTTAGCAGTAAGCTAAGGACAAAATACCTAGCTGAA 
c m d 8 1 TGTC-AAAGACGGATTTAGCAGTAAATTAGGAGAAGAGTGCCTAATTGAA 
c m d 8 2 TACTCAAAGGTGGATTTAGCAGTAAGATGAAAA-AGCATACTCACCTTAA 
c m c i 8 3 TACTCAAAGGTGGATTTAGCAGTAAGATGAAAA-AGCATACTCACCTTAA 
C C O l TGTTTAAAGCAGAATCTAGTAGTAAGTCAGGAAAAGAACGCCTAGCTGAA 
C P O l TGTC-AAAGACGGATTTAGCAGTAAATCAGGAGAAGAGTGCCTAATTGAA 
C S O l TGTC-AAAGACGGATTTAGCAGTAAATTAGGAGAAGAGTGCCTAATTGAA 
卯 0 1 CATTTGAAGGCGGATTTAGTAGTAAGTTGAAAA-AGCATATTCACCTTAA 
V S O l TACTCAAAGGTGGATTTAGCAGTAAGATGAAAA-AGCATACTCACCTTAA 
Alligator m±ss±ss±ppiens±s NC 0 0 1 9 2 2 TGTC-AAAGCCGGATTTAGCAGTAAACTGGGAAAGAATA-CCTAGTTGAA 
Alligator mississippiensls Y 1 3 1 1 3 TGTC-AAAGCCGGATTTAGCAGTAAACTGGGAAAGAATA-CCTAGTTGAA 
Alligator sinensis A F 5 1 1 5 0 7 TGTC-AAAGCAGGATCTAGCAGTAAACTAGGAAAAGAGAGCCTAATTGAA 
Alligator sinensis NC 0 0 4 4 4 8 TGTC-AAAGCAGGATCTAGCAGTAAACTAGGAAAAGAGAGCCTAATTGAA 
Caiman crocodllus A J 4 0 4 8 7 2 TGTTTAAAGCAGAATCTAGTAGTAAGTCAGGAAAAGAACGCCTAGCTGAA 
Caiman crocodllus NC 0 0 2 7 4 4 TGTTTAAAGCAGAATCTAGTAGTAAGTCAGGAAAAGAACGCCTAGCTGAA 
Crocodylus acutus U 5 9 6 7 0 TGTC-AAAGACGGATTTAGCAGTAAATTAAGAGAAGAGTGCCTAATTGAA 
Crocodylus cataphractus A Y 1 9 5 9 4 1 TGTC-AAAGTAGGATTTAGCAGTAAATTAGGAGAAGAGTGCCTAATTGAA 
Crocodylus johnsoni A Y 1 9 5 9 4 2 TGTC-AAAGACGGATTTAGCAGTAAATTAGGAGAAGAGTGCCTAATTGAA 
Crocodylus nllotlcus A J 8 1 0 4 5 2 TGTC-AAAGACGGATTTAGCAGTAAATTAGGAGAAGAGTGCCTAATTGAA 
Crocodylus nllotlcus NC 0 0 8 1 4 2 TGTC-AAAGACGGATTTAGCAGTAAATTAGGAGAAGAGTGCCTAATTGAA 
Crocodylus porosus A J 8 1 0 4 5 3 TGTC-AAAGACGGATTTAGCAGTAAATTAGGAGAAGAGTGCCTAATTGAA 
Crocodylus porosus NC 0 0 8 1 4 3 TGTC-AAAGACGGATTTAGCAGTAAATTAGGAGAAGAGTGCCTAATTGAA 
Crocodylus slamensis E F 5 8 1 8 5 9 TGTC-AAAGACGGATTTAGCAGTAAATTAGGAGAAGAGTGCCTAATTGAA 
Python curtus A F 3 6 8 0 6 0 TCTCTGAAGGCGGATTTAGCAGTAAGCTAAGGACATAATACTCAGCTGAA 
Python molurus A F 2 3 6 6 8 2 CTTTTGAAGGTGGATTTAGCAGTAAGATGAGAACACAATACTCAACTGAA 
Python regius AB177878 CCTTTAAAGGCGGATTTAGTAGTAAGATAAGAACACAATACTTAGCTGAA 
Python reticulatus Z 4 6 4 4 8 C T T C C A A A G G T G G A T T T A G C A G T A A G C T A A G G A C A A A A T A C C T A G C T G A A 
Varanus acanthurus A F 0 0 4 4 7 8 CATCCAAAGGTGGATTTAGCAGTAAGATGAAAA 
Varanus albigularls A F 0 0 4 4 8 0 A-TTTAAAGGCGGATTTAGCAGTAAGACGAGCA 
Varanus bengalensls A F 0 0 4 4 8 2 CATTTAAAGGCGGATTTAGCAGTAAGAC 
Varanus brevlcauda A F 0 0 4 4 8 4 T A T C C T A A G G T G G A T T T A G C A G T A A G A T G A A A A 
Varanus dvmerilli A F 0 0 4 4 8 6 T A T T T A A A G A T G G A T T T A G C A G T A A G A T G A A A A 
Varanus eremlus A F 0 0 4 4 8 8 T A T C C A A A G G C G G A T T T A G C A G T A A G G T G A A A A 
Varanus giganteus A F 0 0 4 4 9 0 A - T C C C A A G G T G G A T T T A G C A G T A A A G T G A A G A 
Varanus gouldli A F 0 0 4 4 9 2 A - T C C C A A G G T G G A T T T A G T A G T A A G A T G A A A A 
Vazanus Indlcus A F 0 0 4 4 9 4 TATTCAAAGGTGGATTTAGTAGTAAGATGAACA 
Varanus komodoensis A B 0 8 0 2 7 5 C A T T C A A A G G A G G A T T T A G C A G T A A G G C G A A A A - A G C A T A C T C T C C T T A A 
Varanus komoensls A F 0 0 4 4 9 6 C A T T C A A A G G A G G A T T T A G C A G T A A G G C G A A A A 
Varanus mertensi A F 0 0 4 4 9 8 AATCCCAAGGTGGATTTAGCAGTAAGGTGGAAA 
Varanus mltchelll A F 0 0 4 5 0 0 CATCCAAAGGTGGATTTAGCAGTAAGATGAGAA 
Varanus nllotlcus A B 1 8 5 3 2 7 AATTTAAAGGAGGATTTAGCAGTAAGGCGGGTA-AGAACACCCACCTTAA 
Varanus nllotlcus A F 0 0 4 5 0 2 A A T T T A A A G G A G G A T T T A G C A G T A A G G C G G G T A 
Varanus ollvaceus A F 0 0 4 5 0 4 T A T T C A A A G G C G G A T T T A G C A G T A A G A T G A A A A 
Varanus pllbarensis A F 0 0 4 5 0 6 CACCCAAAGGTGGATTTAGCAGTAAGATGAAAA 
Varanus prasinus A F 0 0 4 5 0 8 T A T T T A A A G G T G G A T T T A G C A G T A A G A T G A A G A 
Varanus salvadoril A F 0 0 4 5 1 0 CATTCCAAGGAGGATTTAGCAGTAAGACGAAGA 
Varanus salvator A F 0 0 4 5 1 2 T A C T C A A A G G T G G A T T T A G C A G T A A G A T G A A A A 
Varanus trlstis A F 0 0 4 5 1 6 CACCCCAAGGCGGATTTAGCAGTAAGATGAAAA 
Varanus timorensis A F 0 0 4 5 1 4 C A C C C C A A G G C G G A T T T A G C A G T A G G A C G A A A A 
Varanus varlus A F 0 0 4 5 1 8 C A T T C T A A G G T G G A T T T A G C A G T A A G A T G A A A A 
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Appendix 6. (continued) 
Sample names (Codes) lo ^ 30 4 0 ^ 1 
. . . . I . . . • I . . . . I . . . . I . . . . I . . . . I . . . . I . . . . I . . . . I . . . . I 
c 贴 3 1 GTCG——GTAACGAAGTGCGT “ 
c m a 3 2 G A T G — — G C C C C G A A A T A T G T 
c m a 3 3 G A T G — — G C C C C G A A A T A T G T 
c 贴 3 4 ACCA-TTGCAATGAAGTGCGT 
c m a 3 5 A C C A - C T G C A A T G A A G T G C G T 
c m a 3 6 C C C A — — G C A C C A G A G C A C G T 
c m a 3 7 GATG——GCCCCGAAATATGT 
c m a 3 8 CCCA——GCACCAGAGCACGT 
c m a 3 9 CCCA——GCACCAGAGCACGT 
c m a 4 0 GATG——GCCCCGAAATATGT 
c m a 4 1 CCCA——GCACCAGAGCACGT 
cn>t>51 CCCA——GCACCAGAGCACGT 
CCCA——GCACCAGAGCACGT 
c n i b 5 3 CCCA——GCACCAGAGCACGT 
c m b 5 4 CCCA-- -GCACCAGAGCACGT 
C i n b 5 5 C C C A - - - G C A C C A G A G C A C G T 
C i n b 5 6 CCCA——GCACCAGAGCACGT 
c m b S l GATG——GCCCCGAAATATGT 
c n i b 5 8 CCCA——GCACCAGAGCACGT 
C i n b 5 9 CCCA——GCACCAGAGCACGT 
c m c 7 1 a GATG——GCCCCGAAATATGT 
c m c 7 1 b ACCA-TTGCAATGAAGTGCGT 
c m d 8 1 GATG——GCCCCGAAATATGT 
c m d 8 2 CCCA——GCACCAGAGCACGT 
c m d 8 3 CCCA——GCACCAGAGCACGT 
C C O l AAAG——GCCCTGAAGTGTGT 
C P O l GACG——GCCCCGAAATATGT 
C S O l GATG——GCCCCGAAATATGT 
V B O l CCTA——GCACCAGAGCACGT 
V S O l CCCA——GCACCAGAGCACGT 
Alligator mississippiensis NC 0 0 1 9 2 2 GTCG——GTAACGAAGTGCGT 
Alligator mississippiensis Y 1 3 1 1 3 G T C G G T A A C G A A G T G C G T 
Alligator sinensis A F 5 1 1 5 0 7 GTAG——GCCACGAAGTGCGT 
Alligator sinensis N C 0 0 4 4 4 8 G T A G — — G C C A C G A A G T G C G T 
Caiman crocodllus A J 4 0 4 8 7 2 AAAG GCCCTGAAGTGTGT 
Caiman crocodllus N C 0 0 2 7 4 4 A A A G — — G C C C T G A A G T G T G T 
Crocodylus acutus U 5 9 6 7 0 G A T G G C C C C G G A A T A T G T 
Crocodylus cataphractus A Y 1 9 5 9 4 1 AATG——GCCCCGAAATATGT 
Crocodylus johnsonl A Y 1 9 5 9 4 2 GGAG——GCCACGAAATATGT 
Crocodylus nlloticus A J 8 1 0 4 5 2 G A T G — — G C C C C G G A A T A T G T 
Crocodylus nlloticus N C 0 0 8 1 4 2 G A T G G C C C C G G A A T A T G T 
Crocodylus porosus A J 8 1 0 4 5 3 GACG——GCCCCGAAATATGT 
Crocodylus porosus NC 0 0 8 1 4 3 GACG GCCCCGAAATATGT 
Crocodylus siamensis E F 5 8 1 8 5 9 G A T G G C C C C G A A A T A T G T 
Python curtus A F 3 6 8 0 6 0 A T C A - C T G C A A T G A A G T G C G T 
Python molurus A F 2 3 6 6 8 2 A C C A - T T G C A A T G A A G T G C G T 
Python reglus AB177878 CCCA-ATGCAATGAAGTGCGT 
Python reticulatus Z 4 6 4 4 8 A C C A A T T G C A A T G A A G T G C G T 
Varanus acanthurus A F 0 0 4 4 7 8 
Varanus alblgularls A F 0 0 4 4 8 0 
Varanus bengalensis A F 0 0 4 4 8 2 
Varanus brevicauda A F 0 0 4 4 8 4 
Varanus dumerilli A F 0 0 4 4 8 6 
Varanus eremlus A F 0 0 4 4 8 8 
Varanus glganteus A F 0 0 4 4 9 0 
Varanus gouldll A F 0 0 4 4 9 2 
Varanus indlcus A F 0 0 4 4 9 4 
Varanus komodoensis A B 0 8 0 2 7 5 C C C A G C A C C A G A G C A C G T 
Varanus komoensls A F 0 0 4 4 9 6 
Varanus mertensl A F 0 0 4 4 9 8 
Varanus mltchelll A F 0 0 4 5 0 0 
Varanus nlloticus A B 1 8 5 3 2 7 CATA——GCACCAGAGCACGT 
Varanus nlloticus A F 0 0 4 5 0 2 
Varanus o l i v a c e u s A F 0 0 4 5 0 4 
Varanus pllbarensis A F 0 0 4 5 0 6 
Varanus praslnus A F 0 0 4 5 0 8 
Varanus salvadorii A F O 0 4 5 1 0 
Varanus salvator A F 0 0 4 5 1 2 
Varanus txistis A F 0 0 4 5 1 6 
Varanus timorensis A F 0 0 4 5 1 4 
Varanus varlus A F 0 0 4 5 1 8 
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Appendix 7. Sequence alignment of 16S rRNA 
gene region of crocodile meat samples and 
GenBank sequences 
S a m p l e n a m e s ( C o d e s / A c c e s s i o n n o . ) 1 0 ^ 3 0 ^ ^ 
. • . . I - . . . I - . . . I . . . . I . . . . I . . . . I . . . . I . . . . I . . . . I . . . . I 
TAGCGTAATCACTTGTTCTCCAAATAAGGACCAGTATGAACGGCTAAACG 
CMA32 TAGCGTAATCACTTGTTCTTTAAATAAGGACCAGTATGAAGGGCTAAACG 
c m a 3 3 TAGCGTAATCACTTGTTCTTTAAATAAGGACCAGTATGAAGGGCTAAACG 
C 贴 3 4 TAGCGTAATCACTTGTCTATTAATTGTAGACCAGTATGAAAGGCCACATG 
C 贴 3 5 TAGCGTAATCACTTGTCTATTAATTGTAGACCCGTATGAAAGGCCACATG 
cma36 TAGCGTAATCACTTGTTCTTTAATATGTGACTG-TATGAACGGCCACACG 
C 贴 3 7 TAGCGTAATCACTTGTTCTTTAAATAAGGACCAGTATGAAGGGCTAAACG 
C 脑 3 8 TAGCGTAATCACTTGTTCTTTCCTATGTGACTGGTATGAACGGCCACACG 
c m a 3 9 TAGCGTAATCACTTGTCCCCTAAATAGTGACTAGTATGAACGGCCACACG 









c 此 58 T A G C G T A A T C A C T T G T C C C C T A A A T A G T G A C T A G T A T G A A C G G C C A C A C G 
c n i t >59 T A G C G T A A T C A C T T G T C C C C T A A A T A G T G A C T A G T A T G A A C G G C C A C A C G 
c m c V I a T A G C G T A A T C A C T T G T T C T T T A A A T A A G G A C C A G T A T G A A G G G C T A A A C G 
c m c 7 1 b T A G C G T A A T C A C T T G T C T A T T A A T T G T A G A C C A G T A T G A A A G G C C A C A T G 
c m d 8 1 T A G C G T A A T C A C T T G T T C T T T A A A T A A G G A C C A G T A T G A A G G G C T A A A C G 
c n i d 8 2 T A G C G T A A T C A C T T G T C C C C T A A A T A G T G A C T A G T A T G A A C G G C C A C A C G 
c m d 8 3 T A G C G T A A T C A C T T G T C C C C T A A A T A G T G A C T A G T A T G A A C G G C C A C A C G 
C C O l T A G C G T A A T C A C T T G T T C T C C A A A T A A G G A C T A G T A T G A A C G G T T A A A C G 
C P O l T A G C G T A A T C A C T T G T T C T T T A A A T A A G G A C C A G T A T G A A A G G C T A A A C G 
C S O l T A G C G T A A T C A C T T G T T C T T T A A A T A A G G A C C A G T A T G A A G G G C T A A A C G 
V B O l T A G C G T A A T C A C T T G T C C C C T A A A T A G T G A C T A G T A T G A A T G G C C A C A C G 
V S O l T A G C G T A A T C A C T T G T C C C C T A A A T A G T G A C T A G T A T G A A C G G C C A C A C G 
Alligator mississippiensis NC 0 0 1 9 2 2 TAGCGTAATCACTTGTTCTCCAAATAAGGACCAGTATGAACGGCTAAACG 
Alligator mississippiensis Y 1 3 1 1 3 TAGCGTAATCACTTGTTCTCCAAATAAGGACCAGTATGAACGGCTAAACG 
Alligator sinensis A F 5 1 1 5 0 7 TAGCGTAATCACTTGTTCTTTAAATAAGGACCAGTATGAACGGCTAAACG 
Alligator sinensis NC 0 0 4 4 4 8 TAGCGTAATCACTTGTTCTTTAAATAAGGACCAGTATGAACGGCTAAACG 
Caiman crocodilus A J 4 0 4 8 7 2 TAGCGTAATCACTTGTTCTCCAAATAAGGACTAGTATGAACGGTTAAACG 
Caixaan crocodilus NC 0 0 2 7 4 4 TAGCGTAATCACTTGTTCTCCAAATAAGGACTAGTATGAACGGTTAAACG 
Crocodylus cataphractus A Y 2 3 9 1 4 7 TAGCGTAATCATTTGTTCTTTAAATAAGGACCAGTATGAACGGCTAAACG 
Crocodylus intermedins A Y 2 3 9 1 4 6 TAGCGTAATCATTTGTTCTTTAAATAAGGACCAGTATGAAAGGCTAAACG 
Crocodylus niloticus A J 8 1 0 4 5 2 TAGCGTAATCATTTGTTCTTTAAATAAGGACCAGTATGAAAGGCTAAACG 
Crocodylus niloticus NC 0 0 8 1 4 2 TAGCGTAATCATTTGTTCTTTAAATAAGGACCAGTATGAAAGGCTAAACG 
Crocodylus porosus A J 8 1 0 4 5 3 TAGCGTAATCATTTGTTCTTTAAATAAGGACCAGTATGAAAGGCTAAACG 
Crocodylus porosus N C 0 0 8 1 4 3 T A G C G T A A T C A T T T G T T C T T T A A A T A A G G A C C A G T A T G A A A G G C T A A A C G 
Crocodylus rhombifer A Y 2 3 9 1 4 5 T A G C G T A A T C A T T T G T T C T T T A A A T A A G G A C C A G T A T G A A G G G C T A A A C G 
Crocodylus siamensis E F 5 8 1 8 5 9 T A G C G T A A T C A T T T G T T C T T T A A A T A A G G A C C A G T A T G A A G G G C T A A A C G 
Python curtus A F 2 1 5 2 7 7 T A G C G T A A T C A C T T G T C T A T T A A T T G T A G A C C C G T A T G A A A G G C C A C A T G 
Python regius A B 1 7 7 8 7 8 T A G C G T A A T C A C T T G T C T A T T A A T T G T A G A C C C G T A T G A A A G G C C A C A T G 
Python reticulatus Z 4 6 4 7 8 TGTCTATTAATTGTAGACCAGTATGAAAGGCCACATG 
Varanus komodoensis A B 0 8 0 2 7 5 TAGCGCAATCACTTGTCCCCTAAATAGTGACTAGTATGAACGGCCATACG 
Varanus niloticus A B 1 8 5 3 2 7 TAGCGCAATCACTTGTCCCCTAAATAGTGACTAGTATGAATGGCTCCACG 
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Appendix 7. (continued) 
S a m p l e n a m e s ( C o d e s / A c c e s s i o n n o . ) 6 0 7 0 ^ ^ ^ 
— ^ • • • • • . • . . I.…丨.…丨•…丨.…丨•…丨•…丨.…丨….丨 
二 AGAATCTAACTGT-CTCCTGCAAGCAACCAATGAAATTGATCTCCCTG-T 
C 贴 二 AGAATCTATCTGT-CTCTTGCAGGAGGCCAGTGAAATTGATCTTCCTG-T 
C 贴 二 AGAATCTATCTGT-CTCTTGCAGGAGGCCAGTGAAATTGATCTTCCTG-T 
C 贴 二 AAAGTCAAACTGT-CTCTTGTAATTAATCAATTAAACTGATCTCCCAG-T 
C M A � AGAGTCAAACTGT-CTCTTGTAATCAATCAATTAAACTGATCTCCCAG-T 
C 贴 � 6 AGAATAAACCTGT-CTCTTTTAACAAATCAGTGAAACTGATCTCCCAG-T 
C 贴 3 7 AGAATCTATCTGT-CTCTTGCAGGAGGCCAGTGAAATTGATCTTCCTG-T 
C 贴 AGAATAAACCTGT-CTCTTTTAACAAATCAGTGAAACTGATCTCCCAG-T 
C 脑 3 9 AGAATAAACCTGT-CTCTTTTAACAAATCAGTGAAACTGATCTCCCAG-T 











c m c 7 1 a A G A A T C T A T C T G T - C T C T T G C A G G A G G C C A G T G A A A T T G A T C T T C C T G - T 
c m c 7 1 b A A A G T C A A A C T G T - C T C T T G T A A T T A A T C A A T T A A A C T G A T C T C C C A G - T 
c m d 8 1 A G A A T C T A T C T G T - C T C T T G C A G G A G G C C A G T G A A A T T G A T C T T C C T G - T 
c m d 8 2 A G A A T A A A C C T G T - C T C T T T T A A C A A A T C A G T G A A A C T G A T C T C C C A G - T 
c m d 8 3 A G A A T A A A C C T G T - C T C T T T T A A C A A A T C A G T G A A A C T G A T C T C C C A G - T 
C C O l A G A A T C T A A C T G T - C T C C T G C A A G C A G C C A A T G A A A T T G A T C T T C C T G - T 
C P O l A G A A T C T A T C T G T - C T C T T G C A G A A G G C C A G T G A A A T T G A T C T C C C T G - T 
C S O l A G A A T C T A T C T G T - C T C T T G C A G G A G G C C A G T G A A A T T G A T C T T C C T G - T 
卯 01 A G A A T A A A C C T G T - C T C T T T T A A C A G A T C A G T G A A A T T G A T C T T C C A G - T 
V S O l A G A A T A A A C C T G T - C T C T T T T A A C A A A T C A G T G A A A C T G A T C T C C C A G - T 
Alligator mississippiensis N C 0 0 1 9 2 2 A G A A T C T A A C T G T - C T C C T G C A A G C A A C C A A T G A A A T T G A T C T C C C T G - T 
Alligator mississippiensis Y 1 3 1 1 3 A G A A T C T A A C T G T - C T C C T G C A A G C A A C C A A T G A A A T T G A T C T C C C T G - T 
Alligator sinensis A F 5 1 1 5 0 7 A G A G T C T A A C T G T - C T C C T G C A A G C A G C C A A T G A A A T T G A T C T T C C T G - T 
Alligator sinensis NC 0 0 4 4 4 8 AGAGTCTAACTGT-CTCCTGCAAGCAGCCAATGAAATTGATCTTCCTG-T 
Caiman crocodilus A J 4 0 4 8 7 2 AGAATCTAACTGT-CTCCTGCAAGCAGCCAATGAAATTGATCTTCCTG-T 
Caiman crocodilus NC 0 0 2 7 4 4 AGAATCTAACTGT-CTCCTGCAAGCAGCCAATGAAATTGATCTTCCTG-T 
Crocodylus cataphractus A Y 2 3 9 1 4 7 AGAATCCATCTGT-CTCTTGCAGAAGGCCAGTGAAATTGATCTCCCTG-T 
Crocodylus intermedius A Y 2 3 9 1 4 6 AGAATCTATCTGT-CTCTTGCAGAAGGCCAGTGAAATTGATCCCCCTG-T 
Crocodylus niloticus A J 8 1 0 4 5 2 A G A A T C T A T C T G T - C T C T T G C A G G A G G C C A G T G A A A T T G A T C T C C C T G - T 
Crocodylus niloticus NC 0 0 8 1 4 2 AGAATCTATCTGT-CTCTTGCAGGAGGCCAGTGAAATTGATCTCCCTG-T 
Crocodylus porosus A J 8 1 0 4 5 3 AGAATCTATCTGT-CTCTTGCAGAAGGCCAGTGAAATTGATCTCCCTG-T 
Crocodylus porosus N C 0 0 8 1 4 3 A G A A T C T A T C T G T - C T C T T G C A G A A G G C C A G T G A A A T T G A T C T C C C T G - T 
Crocodylus rhombifer A Y 2 3 9 1 4 5 AGAATCTATCTGT-CTCTTGCAGAAGGCCAGTGAAATTGATCTCCCTG-T 
Crocodylus siamensis E F 5 8 1 8 5 9 AGAATCTATCTGT-CTCTTGCAG-AGGCCAGTGAAATTGATCTTCCTG-T 
Python curtus A F 2 1 5 2 7 7 AGAGTCAAACTGT-CTCTTGTAATCAATCAATTAAACTGATCTCCCAG-T 
Python regius AB177878 AAAGTCAGACTGT-CTCTTGTAATTAATCAATTAAACTGATCTTCCAG-T 
Python reticulatus Z 4 6 4 7 8 AAAGTCAAACTGT-CTCTTGTAATTAATCAATTAAACTGATCTCCCAG-T 
Varanus komodoensis A B 0 8 0 2 7 5 AGAGTAGACCTGT-CTCTTTTAACTGATCAGTGAAACTGATCTCCCAG-T 
Varanus niloticus A B l 8 5 3 2 7 AGAATAGACCTGT-CTCTTTTAACTAATCAATGAACCTGATCTTCCAG-T 
2 0 0 
Appendix 7. (continued) 
S a m p l e n a m e s ( C o d e s / A c c e s s i o n n o . ) 1 1 0 1 2 0 1 3 0 1 4 0 1 5 0 
——I——丨——I——I——I——I——丨——I——I——I 
c m a 3 1 G C A A A A G C A G G A A T G A C C C C A C C A G A C G - A G A A G A C C C T G - T G A A A C T T T 
c m a 3 2 G C A A A A G C A G G G A T G T C A A C A T T A G A C G - A G A A G A C C C T G - T G A A A C T T C 
c m a 3 3 G C A A A A G C A G G G A T G T C A A C A T T A G A C G - A G A A G A C C C T G - T G A A A C T T C 
c m a 3 4 A C A A A A G C T G G A A T A T C C A T A T A A G A C C - A G A A G A C C C T G - T G A A G C T T A 
c n i a 3 5 A C A A A A G C T G A A A T A C C C A T A T A A G A C C - A G A A G A C C C T G - T G A A G C T T A 
c m a 3 6 A C A A A A G C T G G G A C A C C A A C A T A A G A C G - A A A A G A C C C T G - T G G A G C T T A 
c m a 3 7 G C A A A A G C A G G G A T G T C A A C A T T A G A C G - A G A A G A C C C T G - T G A A A C T T C 
c m a 3 8 A C A A A A G C T G G G A C A C C A A C A T A A G A C G - A A A A G A C C C T G A T G G A G C T T A 
c m a 3 9 A C A A A A G C T G G G A C A C C A A C A T A A G A C G - A A A A G A C C C T G - T G G A G C T T A 
c m a 4 0 G C A A A A G C A G G G A T G T C A A C A T T A G A C G - A G A A G A C C C T G - T G A A A C T T C 
C i t i a 4 1 A C A A A A G C T G G G A C A C C A A C A T A A G A C G - A A A A G A C C C T G - T G G A G C T T A 
c m b S l A C A A A A G C T G G G A C A C C A A C A T A A G A C G - A A A A G A C C C T G - T G G A G C T T A 
c m b 5 2 A C A A A A G C T G G G A C A C C A A C A T A A G A C G - A A A A G A C C C T G - T G G A G C T T A 
C i n b 5 3 A C A A A A G C T G G G A C A C C A A C A T A A G A C G - A A A A G A C C C T G - T G G A G C T T A 
c n i b 5 4 A C A A A A G C T G G G A C A C C A A C A T A A G A C G - A A A A G A C C C T G - T G G A G C T T A 
c m b S S A C A A A A G C T G G G A C A C C A A C A T A A G A C G - A A A A G A C C C T G - T G G A G C T T A 
c m b S e A C A A A A G C T G G G A C A C C A A C A T A A G A C G - A A A A G A C C C T G - T G G A G C T T A 
c m b S V G C A A A A G C A G G G A T G T C A A C A T T A G A C G - A G A A G A C C C T G - T G A A A C T T C 
c m b 5 8 A C A A A A G C T G G G A C A C C A A C A T A A G A C G - A A A A G A C C C T G - T G G A G C T T A 
C i n b 5 9 A C A A A A G C T G G G A C A C C A A C A T A A G A C G - A A A A G A C C C T G - T G G A G C T T A 
c m c 7 1 a G C A A A A G C A G G G A T G T C A A C A T T A G A C G - A G A A G A C C C T G - T G A A A C T T C 
c m c 7 1 b A C A A A A G C T G G A A T A T C C A C A T A A G A C C - A G A A G A C C C T G - T G A A G C T T A 
c m d S l G C A A A A G C A G G G A T G T C A A C A T T A G A C G - A G A A G A C C C T G - T G A A A C T T C 
c m d 8 2 A C A A A A G C T G G G A C A C C A A C A T A A G A C G - A A A A G A C C C T G - T G G A G C T T A 
c m d 8 3 A C A A A A G C T G G G A C A C C A A C A T A A G A C G - A A A A G A C C C T G - T G G A G C T T A 
C C O l G C A A A A G C A G G A A T G A C C C C A C C A G A C G - A G A A G A C C C T G - T G A A A C T T A 
C P O l G C A A A A G C A G G G A T G A C A A C A T T A G A C G - A G A A G A C C C T G - T G A A A C T T T 
C S O l G C A A A A G C A G G G A T G T C A A C A T T A G A C G - A G A A G A C C C T G - T G A A A C T T C 
V B O l A C A A A A G C T G G A A T A T C A C C A T A A G A C G - A A A A G A C C C T G - T G G A G C T T T 
V S O l A C A A A A G C T G G G A C A C C A A C A T A A G A C G - A A A A G A C C C T G - T G G A G C T T A 
Alligator mississippiensis N C 0 0 1 9 2 2 G C A A A A G C A G G A A T G A C C C C A C C A G A C G - A G A A G A C C C T G - T G A A A C T T T 
Alligator mississippiensis Y 1 3 1 1 3 G C A A A A G C A G G A A T G A C C C C A C C A G A C G - A G A A G A C C C T G - T G A A A C T T T 
Alligator sinensis A F 5 1 1 5 0 7 G C A A A A G C A G G A A T A G C C C C A C C A G A C G - A G A A G A C C C T G - T G A A A C T T T 
Alligator sinensis N C 0 0 4 4 4 8 G C A A A A G C A G G A A T A G C C C C A C C A G A C G - A G A A G A C C C T G - T G A A A C T T T 
Caiman crocodilus A J 4 0 4 8 7 2 G C A A A A G C A G G A A T G A C C C C A C C A G A C G G A G A A G A C C C T G - T G A A A C T T A 
Caiman crocodilus N C 0 0 2 7 4 4 G C A A A A G C A G G A A T G A C C C C A C C A G A C G G A G A A G A C C C T G - T G A A A C T T A 
Crocodylus cataphractus A Y 2 3 9 1 4 7 G C A A A A G C A G G G A T A T T A A C A T T A G A C G - A G A A G A C C C T G - T G A A A C T T T 
Crocodylus intermedlus A Y 2 3 9 1 4 6 G C A A A A G C A G G G A T G T C A A C A T T A G A C G - A G A A G A C C C T G - T G A A A C T T T 
Crocodylus niloticus A J 8 1 0 4 5 2 G C A A A A G C A G G G A T G T C A A C A T T A G A C G - A G A A G A C C C T G - T G A A A C T T T 
Crocodylus niloticus N C 0 0 8 1 4 2 G C A A A A G C A G G G A T G T C A A C A T T A G A C G - A G A A G A C C C T G - T G A A A C T T T 
Crocodylus porosus A J 8 1 0 4 5 3 G C A A A A G C A G G G A T G A C A A C A T T A G A C G - A G A A G A C C C T G - T G A A A C T T T 
Crocodylus porosus NC 0 0 8 1 4 3 GCAAAAGCAGGGATGACAACATTAGACG-AGAAGACCCTG-TGAAACTTT 
Crocodylus rhozublfer A Y 2 3 9 1 4 5 GCAAAAGCAGGGATGTCAACATTAGACG-AGAAGACCCTG-TGAAACTTT 
Crocodylus siamensis E F 5 8 1 8 5 9 G C A A A - G C A G G G A T G T C A A C A T T A G A C G - A G T A G A C C C T G - T G A A A C T T C 
Python curtus A F 2 1 5 2 7 7 A C A A A A G C T G A G A T A C C C A T A T A A G A C C - A G A A G A C C C T G - T G A A G C T T A 
Python regius A B 1 7 7 8 7 8 ACAAAAGCTGAAATGAACATATAAGACC-AGAAGACCCTG-TGAAGCTTA 
Python reticulatus Z 4 6 4 7 8 ACAAAAGCTGGAATATCCATATAAGACC-AGAAGACCCTG-TGAAGCTTA 
Varanus komodoensis A B 0 8 0 2 7 5 ACAAAAGCTGGGACACTAACATAAGACG-AAAAGACCCTG-TGGAGCTTA 
Varanus niloticus A B 1 8 5 3 2 7 A C T A A A G C T G G A A T A C T A A C A T A A G A C G - A A A A G A C C C T G - T G G A G C T T A 
2 0 1 
Appendix 7. (continued) 
S a m p l e n a m e s ( C o d e s / A c c e s s i o n n o . ) 1 6 0 1 7 0 
——I——I——I——I——I——I——I——I——I——I 
c m a 3 1 A A C C G A C T A A G T C A C A C - - A C T A G G A A C A A C A C A A C C C A C A A C 
c m a 3 2 A A A C C C C T A A A T C A C A A C A A G T T G T A A A A T A C C A A C C C A A G C G G G C T G A C 
c m a 3 3 A A A C C C C T A A A T C A C A A C A A G T T G T A A A A T A C C A A C C C A A G C G G G C T G A C 
c n i a 3 4 A A C T A A C T T A T T A A A C C C A C T A A T A A C T A C 
c m a 3 5 A A C T A A C C T A T T A A A C C A A C T A A T A G C T A C 
c m a 3 6 A A - - T A C T A C C C T A C C C C C C C C C C T A G T T T A A G T A 
c m a 3 7 A A A C C C C T A A A T C A C A A C A A G T T G T A A A A T A C C A A C C C A A G C G G G C T G A C 
c m a 3 8 A A — T A C T A C C C T A C C C C C C C C C - T A G T T T A A G T A 
c m a 3 9 A A — T A C T A C C C T A C C C C C C C C C - T A G T T T A A G T A 
c m a 4 0 AAACCCCTAAATCACAACAAGTTGTAAAATACCAACCCAAGCGGGCTGAC 
c m a 4 1 A A - - T A C T A C C C T A C C C C C C C C - - T A G T T T A A G T A 
c m b S l A A - - T A C T A C C C T A C C C C C C C C C - T A G T T T A A G T A 
c n i b 5 2 A A - - T A C T A C C C T A C C C C C C C C C - T A G T T T A A G T A 
C i n b 5 3 A A — T A C T A C C C T A C C C C C C C C - - T A G T T T A A G T A 
C i n b 5 4 A A - - T A C T A C C C T A C C C C C C C C - - T A G T T T A A G T A 
c m b 5 5 A A - - T A C T A C C C T A C C C C C C C C C - T A G T T T A A G T A 
c m b S e A A - - T A C T A C C C T A C C C C C C C C C C T A G T T T A A G T A 
C i n b 5 7 A A A C C C C T A A A T C A C A A C A A G T T G T A A A A T A C C A A C C C A A G C G G G C T G A C 
CMBSA A A - - T A C T A C C C T A C C C C C C C C - - T A G T T T A A G T A 
C i n b 5 9 A A - - T A C T A C C C T A C C C C C C C C C - T A G T T T A A G T A 
c m c 7 l a A A A C C C C T A A A T C A C A A C A A G T T G T A A A A T A C C A A C C C A A G C G G G C T G A C 
c m c 7 1 b A A C T A A C T T A T T A A A C C C A C T A A T A A C T A C 
c m d B l A A A C C C C T A A A T C A C A A C A A G T T G T A A A A T A C C A A C C C A A G C G G G C T G A C 
c m d 8 2 A A - - T A C T A C C C T A C C C C C C C C - - T A G T T T A A G T A 
c m d 8 3 A A - - T A C T A C C C T A C C C C C C C C - - T A G T T T A A G T A 
C C O l A A C C C A C T A A G T T A A A C C A A C A A C A T T A A C T G C A A C A C C C A C G A C 
C P O l A A A C T T C T A A A T C A C A A C A A A T T G T A A A A T A C C A C C C C A C A C G G G C C A A C 
C S O l A A A C C C C T A A A T C A C A A C A A G T T G T A A A A T A C C A A C C C A A G C G G G C T G A C 
V B O l A A - - T A C C A T C C T A C C C C T G T — — T A G C A A A A G T A 
V S O l A A - - T A C T A C C C T A C C C C C C C C C - T A G T T T A A G T A 
Alligator mississippiensis NC 0 0 1 9 2 2 AACCGACTAAGTCACAC--ACTAGGAACAACACAAC CCACAAC 
Alligator mississippiensis Y 1 3 1 1 3 A A C C G A C T A A G T C A C A C - - A C T A G G A A C A A C A C A A C C C A C A A C 
Alligator sinensis A F 5 1 1 5 0 7 A A T C G G C T A A G T C A T A C - - A C A C A A C T A A T A A T C A C C C A T A A T 
Alligator sinensis N C 0 0 4 4 4 8 A A T C G G C T A A G T C A T A C - - A C A C A A C T A A T A A T C A C C C A T A A T 
Caiman crocodllus A J 4 0 4 8 7 2 A A C C C A C T A A G T T A A A C C A A C A A C A T T A A C T G C A A C A C C C A C G A C 
Caiman crocodllus NC 0 0 2 7 4 4 AACCCACTAAGTTAAACCAACAACATTAACTGCAACAC CCACGAC 
Crocodylus cataphractus A Y 2 3 9 1 4 7 AAACTACTAAATTACAACAAGTTGTAAAACACACACTAAACTAGCCCAAC 
Crocodylus Intermedlus A Y 2 3 9 1 4 6 AAACCACTAAATCACAAAAAGTTGTAAAATATCACCCCAAGCGGGCTGAC 
Crocodylus nlloticus A J 8 1 0 4 5 2 AAACCACTAAATCACAA-AAATTGTAAAATATCACCCCAAGCGGGCTGAC 
Crocodylus nlloticus NC 0 0 8 1 4 2 AAACCACTAAATCACAA-AAATTGTAAAATATCACCCCAAGCGGGCTGAC 
Crocodylus porosus A J 8 1 0 4 5 3 AAACTTCTAAGTCACAACAAATTGTAAAATACCACCCCACACGGGCCAAC 
Crocodylus porosus NC 0 0 8 1 4 3 AAACTTCTAAGTCACAACAAATTGTAAAATACCACCCCACACGGGCCAAC 
Crocodylus rhombifer A Y 2 3 9 1 4 5 AAACCACTAAATCACAAAAAATTGTAAAATCTCACCCCAAGCGGGCTGAC 
Crocodylus siamensis E F 5 8 1 8 5 9 AAACCCCTAAATCACAACAAGTTGTAAAATACCAACCCAAGCGGGCTGAC 
Python curtus A F 2 1 5 2 7 7 A A C T A A C C T A T T A A A C C A A C T A A T A G C T A C 
Python reglus A B 1 7 7 8 7 8 A A T T A A C C T A C T A A A A C C C A T A G T A G C T A C 
Python reticulatus Z 4 6 4 7 8 A A C T A A C T T A T T A A A C C C A C T A A T A A C T A C 
Varanus komodoensls A B 0 8 0 2 7 5 A A - - T A C C A C C C T A C C C C T C C C - - T A G C A C A A G T A 
Varanus nlloticus A B 1 8 5 3 2 7 A G - - T A C T A A A C T A C C A C C A C — — T A G C A T A A A T A 
2 0 2 
Appendix 7. (continued) 
S a m p l e n a m e s ( C o d e s / A c c e s s i o n n o . ) 2 1 0 2 4 0 
. … I . . . . I . . . . I . . . . I . . . . I . . . . I . . . . I . . . . I . . . . I . . . . I 
C 贴 3 1 C A C C T T A A A C C C A T - G A C T T A G C G C T T T T G G T T G G G G T G A C C C T A A A A C A 
c m a 3 2 T A C A G C T A T C A C A C C G A T T T A G C G T T T T C G G T T G G G G C G A C C C C A A A A T A 
C ™ a 3 3 T A C A G C T A T C A C A C C G A T T T A G C G T T T T C G G T T G G G G C G A C C C C A A A A T A 
TTTCAGTTGGGGCGACTTTGGAACA 
c m a 3 5 T T T C A G T T G G G G C G A C T T T G G A A C A 
C ® a 3 6 T T T C A G T T G G G G C A A C T T C G G A A T C 
c 贴 3 7 T A C A G C T A T C A C A C C G A T T T A G C G T T T T C G G T T G G G G C G A C C C C A A A A T A 
c 贴 3 8 T T T C A G T T G G G G C A A C T T C G G A A T C 
c m a 3 9 T T T C A G T T G G G G C A A C T T C G G A A T C 
TACAGCTATCACACCGATTTAGCGTTTTCGGTTGGGGCGACCCCAAAATA 
c m a 4 1 T T T C A G T T G G G G C A A C T T C G G A A T C 
TTTCAGTTGGGGCAACTTCGGAATC 
c n > b 5 2 T T T C A G T T G G G G C A A C T T C G G A A T C 
cn>t>53 T T T C A G T T G G G G C A A C T T C G G A A T C 
c n > b 5 4 T T T C A G T T G G G G C A A C T T C G G A A T C 
TTTCAGTTGGGGCAACTTCGGAATC 
c n i b 5 6 T T T C A G T T G G G G C A A C T T C G G A A T C 
C i n b 5 7 T A C A G C T A T C A C A C C G A T T T A G C G T T T T C G G T T G G G G C G A C C C C A A A A T A 
c m b S S T T T C A G T T G G G G C A A C T T C G G A A T C 
C i n b 5 9 T T T C A G T T G G G G C A A C T T C G G A A T C 
c m c 7 1 a T A C A G C T A T C A C A C C G A T T T A G C G T T T T C G G T T G G G G C G A C C C C A A A A T A 
c m c 7 1 b T T T C A G T T G G G G C G A C T T T G G A A C A 
c m d 8 1 T A C A G C T A T C A C A C C G A T T T A G C G T T T T C G G T T G G G G C G A C C C C A A A A T A 
c m d 8 2 T T T C A G T T G G G G C A A C T T C G G A A T C 
c m d 8 3 T T T C A G T T G G G G C A A C T T C G G A A T C 
C C O l T G T T G A A A — — C C T - G A C T T A A C G T T T T C G G T T G G G G T G A C C C T A A A A C A 
C P O l T A C A A T T A A C A C A T T G A C T T A G C G T T T T C G G T T G G G G C G A C C C C A A A A T A 
C S O l T A C A G C T A T C A C A C C G A T T T A G C G T T T T C G G T T G G G G C G A C C C C A A A A T A 
V B O l T T T T A G T T G G G G C A A C T T C G G A A T C 
V S O l T T T C A G T T G G G G C A A C T T C G G A A T C 
Alligator mississippiensis NC 0 0 1 9 2 2 CACCTTAAACCCAT-GACTTAGCGCTTTTGGTTGGGGTGACCCTAAAACA 
Alligator mississippiensis Y 1 3 1 1 3 CACCTTAAACCCAT-GACTTAGCGCTTTTGGTTGGGGTGACCCTAAAACA 
Alligator sinensis A F 5 1 1 5 0 7 TACCTGGA--CCGT-GACTTAGCGTTTTTGGTTGGGGTGACCTTGAAACA 
Alligator sinensis NC 0 0 4 4 4 8 TACCTGGA--CCGT-GACTTAGCGTTTTTGGTTGGGGTGACCTTGAAACA 
Caiman crocodilus A J 4 0 4 8 7 2 TGTTGAAA——CCT-GACTTAACGTTTTCGGTTGGGGTGACCCTAAAACA 
Caiman crocodilus NC 0 0 2 7 4 4 TGTTGAAA——CCT-GACTTAACGTTTTCGGTTGGGGTGACCCTAAAACA 
Crocodylus cataphractus A Y 2 3 9 1 4 7 TACTATTAATATGTTGATTTAGCGTTTTCGGTTGGGGCGACCCCAAAATA 
Crocodylus intermedlus A Y 2 3 9 1 4 6 TACAATTAGCACATTGATTTAGCGTTTTCGGTTGGGGCGACCCCAAAATA 
Crocodylus nllotlcus A J 8 1 0 4 5 2 TACAATTAGCACATTGATTTAGCGTTTTCGGTTGGGGCGACCCCAAAATA 
Crocodylus nllotlcus NC 0 0 8 1 4 2 TACAATTAGCACATTGATTTAGCGTTTTCGGTTGGGGCGACCCCAAAATA 
Crocodylus porosus A J 8 1 0 4 5 3 TACAATTAACACATTGATTTAGCGTTTTCGGTTGGGGCGACCCCAAAATA 
Crocodylus porosus NC 0 0 8 1 4 3 TACAATTAACACATTGATTTAGCGTTTTCGGTTGGGGCGACCCCAAAATA 
Crocodylus rhombifer A Y 2 3 9 1 4 5 TACAATTAGCACGTTGATTTAGCGTTTTCGGTTGGGGCGACCCCAAAATA 
Crocodylus s i a m e n s i s E F 5 8 1 8 5 9 TACAGCTATCACACCGATTTAGCGTTTTCGGTTGGGGCGACCCCAAAATA 
P y t h o n curtus A F 2 1 5 2 7 7 T T T C A G T T G G G G C G A C T T T G G A A C A 
Python regius A B 1 7 7 8 7 8 T T T C A G T T G G G G C G A C T T T G G A A C A 
Python reticulatus Z 4 6 4 7 8 T T T C A G T T G G G G C G A C T T T G G A A C A 
Varanus komodoensis A B 0 8 0 2 7 5 T T T C A G T T G G G G C A A C T T C G G A A T C 
Varanus nllotlcus A B 1 8 5 3 2 7 CTTCAGTTGGGGCAACTTC6GAATC 
2 0 3 
Appendix 7. (continued) 
S a m p l e n a m e s ( C o d e s / A c c e s s i o n n o . ) 2 6 0 2 7 0 2 8 0 2 9 0 3 0 0 
. . . - I . . . . I . . . . I . . . . I . … I • . . . I . . . . I . . . . I . . . . I . . . . I 
C ™ a 3 1 A A A A A A A A C T T T T A A G A C A A T C A T A A C A A A A T T A G - A C T A T T A A C T A A G A 
c m a 3 2 A A A A A A A C T T T C C A G G A A A A C A G T A A C A C G A C A C C — — T A C T G A C C A A G A 
c m a 3 3 A A A A A A A C T T T C C A G G A A A A C A G T A A C A C G A C A C C — — T A C T G A C C A A G A 
c m a 3 4 A A A C A A A A C T T C C A A A T A A T A T G A A T A A T C C C T C A T A C C A T A G G 
c m a 3 5 A A A C A G A A C T T C C A A A C A C C A T G A G C T A T C C C T C A T A C C A C A G G 
c m a 3 6 A A A C T A A A C T T C C G A C C A A A C T C C G G A A A C A C C G C T A T C A T A G A 
c m a 3 7 A A A A A A A C T T T C C A G G A A A A C A G T A A C A C G A C A C C — — T A C T G A C C A A G A 
c n i a 3 8 A A A C T A A A C T T C C G A C C A A A C T C C G G A A A C A C C G C T A T C A T A G A 
c m a 3 9 A A A C T A A A C T T C C G A C C A A A C T C C G G A A A C A C C G C T A T C A T A G A 
c n i a 4 0 A A A A A A A C T T T C C A G G A A A A C A G T A A C A C G A C A C C — — T A C T G A C C A A G A 
c m a 4 1 A A A C T A A A C T T C C G A C C A A A C T C C G G A A A C A C C G C T A T C A T A G A 
c n i b S l A A A C T A A A C T T C C G A C C A A A C T C C G G A A A C A C C G C T A T C A T A G A 
c m b 5 2 A A A C T A A A C T T C C G A C C A A A C T C C G G A A A C A C C G C T A T C A T A G A 
c n i b 5 3 A A A C T A A A C T T C C G A C C A A A C T C C G G A A A C A C C G C T A T C A T A G A 
C i n b 5 4 A A A C T A A A C T T C C G A C C A A A C T C C G G A A A C A C C G C T A T C A T A G A 
c m b S S A A A C T A A A C T T C C G A C C A A A C T C C G G A A A C A C C G C T A T C A T A G A 
c m b 5 6 A A A C T A A A C T T C C G A C C A A A C T C C G G A A A C A C C G C T A T C A T A G A 
c m b S V A A A A A A A C T T T C C A G G A A A A C A G T A A C A C G A C A C C — — T A C T G A C C A A G A 
c m b S a A A A C T A A A C T T C C G A C C A A A C T C C G G A A A C A C C G C T A T C A T A G A 
C i n b 5 9 A A A C T A A A C T T C C G A C C A A A C T C C G G A A A C A C C G C T A T C A T A G A 
c m c 7 1 a A A A A A A A C T T T C C A G G A A A A C A G T A A C A C G A C A C C — — T A C T G A C C A A G A 
c m c 7 1 b A A A C A A A A C T T C C A A A T A A T A T G A A T A A T C C C T C A T A C C A T A G G 
c m d S l A A A A A A A C T T T C C A G G A A A A C A G T A A C A C G A C A C C — — T A C T G A C C A A G A 
c m d 8 2 A A A C T A A A C T T C C G A C C A A A C T C C G G A A A C A C C G C T A T C A T A G A 
c m d 8 3 A A A C T A A A C T T C C G A C C A A A C T C C G G A A A C A C C G C T A T C A T A G A 
C C O l A A G A A A A A C T T T T A A G A C A A T T A T A A C T A A G A C C A A A T T A T T A A C C A A G A 
C P O l A A A A A A A C T T T C C A G G A A A A C A G T A A C A C G A C A C T — — T A C T G A C C A A G A 
C S O l A A A A A A A C T T T C C A G G A A A A C A G T A A C A C G A C A C C — — T A C T G A C C A A G A 
V B O l A A A C T G A A C T T C C G A T T A C G C T C C G G A A A C A C C G T C A T C A - A G A 
V S O l A A A C T A A A C T T C C G A C C A A A C T C C G G A A A C A C C G C T A T T A T A G A 
Alligator mississippiensis NC 0 0 1 9 2 2 AAAAAAAACTTTTAAGACAATCATAACAAAATTAG-ACTATTAACTAAGA 
Alligator mississippiensis Y 1 3 1 1 3 AAAAAAAACTTTTAAGACAATCATAACAAAATTAG-ACTATTAACTAAGA 
Alligator sinensis A F 5 1 1 5 0 7 AAGAAAAACTTTTAAGAAAGCTATAACAAAGTAGCCAGTATCCACTGAGA 
Alligator sinensis NC 0 0 4 4 4 8 AAGAAAAACTTTTAAGAAAGCTATAACAAAGTAGCCAGTATCCACTGAGA 
Caiman crocodilus A J 4 0 4 8 7 2 AAGAAAAACTTTTAAGACAATTATAACTAAGACCAAATTATTAACCAAGA 
Caiman crocodilus NC 0 0 2 7 4 4 AAGAAAAACTTTTAAGACAATTATAACTAAGACCAAATTATTAACCAAGA 
Crocodylus cataphractus A Y 2 3 9 1 4 7 AAAAAAACTTTCCAGGAAAATTGTAGCATGATTAC——TACTGACTAAGG 
Crocodylus intermedlus A Y 2 3 9 1 4 6 AAAAAAACTTTCCAGGAAAACAGTAACATGACAAC——TACTGACCAAGA 
Crocodylus niloticus A J 8 1 0 4 5 2 AAAAAAACTTTCCAGGAAAACAGTAACATGACAAC——TACTGACCAAGA 
Crocodylus niloticus NC 0 0 8 1 4 2 AAAAAAACTTTCCAGGAAAACAGTAACATGACAAC——TACTGACCAAGA 
Crocodylus porosus A J 8 1 0 4 5 3 AAAAAAACTTTCCAGGAAAACAGTAACACGACATT——TACTAACCAAGA 
Crocodylus porosus NC 0 0 8 1 4 3 AAAAAAACTTTCCAGGAAAACAGTAACACGACATT——TACTAACCAAGA 
Crocodylus rhombifer A Y 2 3 9 1 4 5 AAAAAAACTTTCCAGGAAAACAGTAACATGACAAT——TACTAACCAAGA 
Crocodylus siamensis E F 5 8 1 8 5 9 AAAAAAACTTTCCAGGAAAACAGTAACACGACACC——TACTGACCAAGA 
Python curtus A F 2 1 5 2 7 7 A A A C A G A A C T T C C A A A T A C C A T G A G C C A T C C C T C A T A C C A C A G G 
Python regius A B 1 7 7 8 7 8 A A A C A A A A C T T C C A A G C A C C A T G A G C T A T C C C T C A T A C A C C A G G 
Python reticulatus Z 4 6 4 7 8 A A A C A A A A C T T C C A A A T A A T A T G A A T A A T C C C T C A T A C C A T A G G 
Varanus komodoensis A B 0 8 0 2 7 5 A A A C T A A A C T T C C G A T C A C A C T C C G A A A A T A C C G T T T C T A - A G A 
Varanus niloticus A B 1 8 5 3 2 7 A A A C C A A A C T T C C G A C T A C A C T C C G G A A A C A C C G T C A C A A C A G A 
2 0 4 
Appendix 7. (continued) 
S a m p l e n a m e s ( C o d e s / A c c e s s i o n n o . ) 3 1 0 3 2 0 3 3 0 J 4 0 
. . . • I . . . . I . . . . I . . . . I . . . . I . . . . I . . . . I . . . . I . . . . I . . . . I 
C C C - - A C A C C T C A A A G T A C T T A A C T G T A A T T A G A T C C G A C A - - A T G T C G A 
c m a 3 2 C C C - - A C A C C A C A A A G T G C T T A A A T G T A A T C A G A T C C G G C A C - A C G C C G A 
c 贴 3 3 C C C - - A C A C C A C A A A G T G C T T A A A T G T A A T C A G A T C C G G C A C - A C G C C G A 
C 脑 3 4 C C A - - A C A A G C C - - A C C A C A A G A C C C A G T A A - - C A C T G A 
C 脑 3 5 C C A - - A C A A G C C - - A C T A C A A G A C C C A G T A A - - C A C T G A 
c m a 3 6 C T A - - A C A C G T C A A A C C C T T G A A T A A GACCCAGTAATTCACTGA 
c m a 3 7 C C C — A C A C C A C A A A G T G C T T A A A T G T A A T C A G A T C C G G C A C - A C G C C G A 
c m a 3 8 C T A - - A C A C G T C A A A C C C T T G A A T A A G A C C C A G T A A T T C A C T G A 
c m a 3 9 C T A - - A C A C G T C A A A C C C T T G A A T A A G A C C C A G T A A T T C A C T G A 






c 此 5 5 C T A - - A C A C G T C A A A C C C T T G A A T A A G A C C C A G T A A T T C A C T G A 
c n i b 5 6 C T A - - A C A C G T C A A A C C C T T G A A T A A G A C C C A G T A A T T C A C T G A 
CCC--ACACCACAAAGTGCTTAAATGTAATCAGATCCGGCAC-ACGCCGA 
cn>t )58 C T A - - A C A C G T C A A A C C C T T G A A T A A G A C C C A G T A A T T C A C T G A 
c n i b 5 9 C T A - - A C A C G T C A A A C C C T T G A A T A A G A C C C A G T A A T T C A C T G A 
c m c 7 1 a C C C - - A C A C C A C A A A G T G C T T A A A T G T A A T C A G A T C C G G C A C - A C G C C G A 
c m c 7 1 b C C A — A C A A G C C - - A C C A C A A G A C C C A G T A A - - C A C T G A 
c m d S l C C C - - A C A C C A C A A A G T G C T T A A A T G T A A T C A G A T C C G G C A C - A C G C C G A 
c m d 8 2 C T A - - A C A C G T C A A A C C C T T G A A T A A G A C C C A G T A A T T C A C T G A 
c m d 8 3 C T A - - A C A C G T C A A A C C C T T G A A T A A G A C C C A G T A A T T C A C T G A 
C C O l C C C - - A C T C C T C A A A G T A C T T G A A T G T A A T T A G A T C C G A C A - - A C G T C G A 
C P O l C C C - - A C A C C A C A A A G T G C T T A A A T G C A A T C A G A T C C G G C A C - A C G C C G A 
C S O l C C C - - A C A C C A C A A A G T G C T T A A A T G T A A T C A G A T C C G G C A C - A C G C C G A 
V B O l C C A - - A C A C G T C A A A A A - T T G A G C C A G A C C C A G T A A C C C A C T G A 
V S O l C T A - - A C A C G T C A A A C C C T T G A A T A A G A C C C A G T A A T T C A C T G A 
Alligator mississippiensis NC 0 0 1 9 2 2 CCC—ACACCTCAAAGTACTTAACTGTAATTAGATCCGACA--ATGTCGA 
Alligator mississippiensis Y 1 3 1 1 3 CCC- -ACACCTCAAAGTACTTAACTGTAATTAGATCCGACA--ATGTCGA 
Alligator sinensis A F 5 1 1 5 0 7 CCCCCACACCTCAAAGTACTTAAATGTAATTAGATCCGACA--ACGTCGA 
Alligator sinensis NC 0 0 4 4 4 8 C C C C C A C A C C T C A A A G T A C T T A A A T G T A A T T A G A T C C G A C A A C G T C G A 
Caiman crocodllus A J 4 0 4 8 7 2 C C C - - A C T C C T C A A A G T A C T T G A A T G T A A T T A G A T C C G A C A A C G T C G A 
Caiman crocodllus NC 0 0 2 7 4 4 CCC- -ACTCCTCAAAGTACTTGAATGTAATTAGATCCGACA--ACGTCGA 
Crocodylus cataphractus A Y 2 3 9 1 4 7 CCC--ACACCACAAAGTGCTTAAATGTAATCAGATCCGGCAC-ACGCCGA 
Crocodylus Intermedlus A Y 2 3 9 1 4 6 CCC--ACACCACAAAGTGCTTAAATGTAATCAGACNNNGCAC-ACGCCGA 
Crocodylus nlloticus A J 8 1 0 4 5 2 CCA--ACACCACAAAGTGCTTAAATGTAATCAGATCCGGCAC-ACGCCGA 
Crocodylus nlloticus NC 0 0 8 1 4 2 CCA--ACACCACAAAGTGCTTAAATGTAATCAGATCCGGCAC-ACGCCGA 
Crocodylus porosus A J 8 1 0 4 5 3 CCC--ACACCACAAAGTGCTTAAATGCAATCAGATCCGGCAC-ACGCCGA 
Crocodylus porosus NC 0 0 8 1 4 3 CCC--ACACCACAAAGTGCTTAAATGCAATCAGATCCGGCAC-ACGCCGA 
Crocodylus rhomblfer A Y 2 3 9 1 4 5 CCC--ACACCACAAAGTGCTTAAATGTAATCAGATCCGGCAC-ACGCCGA 
Crocodylus siamensis E F 5 8 1 8 5 9 CCC—ACACCACAAAGTGCTTAAATGTAATCAGATCCGGCAC-ACGCCGA 
Python curtus A F 2 1 5 2 7 7 C A A - - A C A A G C C - - A C C A C A T G A C C C A G T A A — C A C T G A 
Python reglus A B 1 7 7 8 7 8 C C A - - A C A A G C C - - A C C A C A A G A C C C A G T A A - - C A C T G A 
Python reticulatus Z 4 6 4 7 8 C C A - - A C A A G C C - - A C C A C A A G A C C C A G T A A - - C A C T G A 
Varanus komodoensis A B 0 8 0 2 7 5 C C T - - A C A T G T C T A A C C C A A G A G T C A G A C C C A G T A A T T T A C T G A 
Varanus nlloticus A B 1 8 5 3 2 7 C C T - - A C A A G T C A A A C C A A C G A A A T A G A T C C A G T A A A T T A C T G A 
2 0 5 
Appendix 7. (continued) 
S a m p l e n a m e s ( C o d e s / A c c e s s i o n n o . ) 3 6 0 3 7 0 3 8 0 3 9 0 4 0 0 
. . . . I . • • • I . . . . I . . . . I . … I . … I . . . . I … . I . . . . I . . . . I 
c m a 3 1 T C C A C G A A C T A A G C T A C T C C A G G G A T A A C A G C G C A A T C C C C T T C A A G A G C 
c m a 3 2 T T C A T G A A C C A A G C T A C T C C A G G G A T A A C A G C G C A A T C C C C C T C A A G A G C 
c m a 3 3 T T C A T G A A C C A A G C T A C T C C A G G G A T A A C A G C G C A A T C C C C C T C A A G A G C 
c m a 3 4 C A A T T G A A C C A A G T T A C T C C A G G G A T A A C A G C G C C A T C T T C T T T A A G A G C 
c m a 3 5 C A A T T G A A C C A A G T T A C T C C A G G G A T A A C A G C G C C A T C T T C T T T A A G A G C 
c m a 3 6 C C A A C G A A C C A A G T T A C C C C A G G G A T A A C A G C G C C A T C T T C T T C T A G A G C 
c m a 3 7 T T C A T G A A C C A A G C T A C T C C A G G G A T A A C A G C G C A A T C C C C C T C A A G A G C 
c m a 3 8 C C A A C G A A C C A A G T T A C C C C A G G G A T A A C A G C G C C A T C T T C T T G T A G A G C 
c m a 3 9 C C A A C G A A C C A A G T T A C C C C A G G G A T A A C A G C G C C A T C T T C T T C T A G A G C 
c m a 4 0 T T C A T G A A C C A A G C T A C T C C A G G G A T A A C A G C G C A A T C C C C C T C A A G A G C 
c m a 4 1 C C A A C G A A C C A A G T T A C C C C A G G G A T A A C A G C G C C A T C T T C T T C T A G A G C 
c m b S l C C A A C G A A C C A A G T T A C C C C A G G G A T A A C A G C G C C A T C T T C T T C T A G A G C 
C i n b 5 2 C C A A C G A A C C A A G T T A C C C C A G G G A T A A C A G C G C C A T C T T C T T C T A G A G C 
c m b 5 3 C C A A C G A A C C A A G T T A C C C C A G G G A T A A C A G C G C C A T C T T C T T C T A G A G C 
C i n b 5 4 C C A A C G A A C C A A G T T A C C C C A G G G A T A A C A G C G C C A T C T T C T T C T A G A G C 
c m b S S C C A A C G A A C C A A G T T A C C C C A G G G A T A A C A G C G C C A T C T T C T T C T A G A G C 
c m b S 6 C C A A C G A A C C A A G T T A C C C C A G G G A T A A C A G C G C C A T C T T C T T C T A G A G C 
c m b S V T T C A T G A A C C A A G C T A C T C C A G G G A T A A C A G C G C A A T C C C C C T C A A G A G C 
c m b S B C C A A C G A A C C A A G T T A C C C C A G G G A T A A C A G C G C C A T C T T C T T C T A G A G C 
C i n b 5 9 C C A A C G A A C C A A G T T A C C C C A G G G A T A A C A G C G C C A T C T T C T T C T A G A G C 
c m c 7 l a TTCATGAACCAAGCTACTCCAGGGATAACAGCGCAATCCCCCTCAAGAGC 
c m c 7 l b C A A T T G A A C C A A G T T A C T C C A G G G A T A A C A G C G C C A T C T T C T T T A A G A G C 
c m d S l T T C A T G A A C C A A G C T A C T C C A G G G A T A A C A G C G C A A T C C C C C T C A A G A G C 
c m d 8 2 C C A A C G A A C C A A G T T A C C C C A G G G A T A A C A G C G C C A T C T T C T T C T A G A G C 
c m d 8 3 C C A A C G A A C C A A G T T A C C C C A G G G A T A A C A G C G C C A T C T T C T T C T A G A G C 
C C O l T C A A C G G A C A A A G C T A C T C C A G G G A T A A C A G C G C A A T C C C C C T C A A G A G C 
C P O l T C C A T G A A C T A A G C T A C T C C A G G G A T A A C A G C G C A A T C C C C T T C A A G A G C 
C S O l T T C A T G A A C C A A G C T A C T C C A G G G A T A A C A G C G C A A T C C C C C T C A A G A G C 
V B O l T C A A C G A A C C A A G T T A C C C C A G G G A T A A C A G C G C C A T C T T C T T C T A G A G C 
V S O l C C A A C G A A C C A A G T T A C C C C A G G G A T A A C A G C G C C A T C T T C T T C T A G A G C 
Alligator mississippiensls N C 0 0 1 9 2 2 T C C A C G A A C T A A G C T A C T C C A G G G A T A A C A G C G C A A T C C C C T T C A A G A G C 
Alligator mississippiensls Y 1 3 1 1 3 T C C A C G A A C T A A G C T A C T C C A G G G A T A A C A G C G C A A T C C C C T T C A A G A G C 
Alligator sinensis A F 5 1 1 5 0 7 T C C A T G A A C C A A G C T A C T C C A G G G A T A A C A G C G C A A T C C C C T T C A A G A G C 
Alligator sinensis N C 0 0 4 4 4 8 T C C A T G A A C C A A G C T A C T C C A G G G A T A A C A G C G C A A T C C C C T T C A A G A G C 
Caiman crocodllus A J 4 0 4 8 7 2 T C A A C G G A C A A A G C T A C T C C A G G G A T A A C A G C G C A A T C C C C C T C A A G A G C 
Caiman crocodllus N C 0 0 2 7 4 4 T C A A C G G A C A A A G C T A C T C C A G G G A T A A C A G C G C A A T C C C C C T C A A G A G C 
Crocodylus cataphractus A Y 2 3 9 1 4 7 T T T A T G A A C C A A G C T A C T C C A G G G A T A A C A G C G C A A T C C C C C T C A A G A G C 
Crocodylus intermedius A Y 2 3 9 1 4 6 T T C A T G A A C T A A G C T A C T C C A G G G A T A A C A G C G C A A T C C C C T T C A A G A G C 
Crocodylus nllotlcus A J 8 1 0 4 5 2 T T C A T G A A C T A A G C T A C T C C A G G G A T A A C A G C G C A A T C C C C T T C A A G A G C 
Crocodylus nllotlcus N C 0 0 8 1 4 2 T T C A T G A A C T A A G C T A C T C C A G G G A T A A C A G C G C A A T C C C C T T C A A G A G C 
Crocodylus porosus A J 8 1 0 4 5 3 T C C A T G A A C T A A G C T A C T C C A G G G A T A A C A G C G C A A T C C C C T T C A A G A G C 
Crocodylus porosus N C 0 0 8 1 4 3 T C C A T G A A C T A A G C T A C T C C A G G G A T A A C A G C G C A A T C C C C T T C A A G A G C 
Crocodylus rhomblfer A Y 2 3 9 1 4 5 TTCATGAACCAAGCTACTCCAGGGATAACAGCGCAATCCCCTTCAAGAGC 
Crocodylus slamensis E F 5 8 1 8 5 9 C T C A T G A A C C A A G C T A C T C C A G G G A T A A C A G C G C A A T C C C C C T C A A G A G C 
Python curtus A F 2 1 5 2 7 7 C A A T T G A A C C A A G T T A C T C C A G G G A T A A C A G C G C C A T C T T C T T T A A G A G C 
Python regius A B 1 7 7 8 7 8 T A A C C G A A C C A A G T T A C T C C A G G G A T A A C A G C G C C A T C T T C T T T A A G A G C 
Python reticulatus Z 4 6 4 7 8 C A A T T G A A C C A A G T T A C T C C A G G G A T A A C A G C G C C A T C T T C T T T A A G A G C 
Varanus komodoensis A B 0 8 0 2 7 5 T T A A C G A A C C A A G T T A C C C C A G G G A T A A C A G C G C C A T C T T C T T C T A G A G C 
Varanus niloticus A B 1 8 5 3 2 7 T C A G C G A A C C A A G T T A C C C C A G G G A T A A C A G C G C T A T C T T C T T C T A G A G C 
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Appendix 7. (continued) 
S a m p l e n a m e s ( C o d e s / A c c e s s i o n n o . ) 4 1 0 4 2 0 4 3 0 4 4 0 4 5 0 
. . . • I . . . . I • . . . I … • I . . . • I . … I … • I • … I . . . . I . . . . I 
C C C T A T C G A C A A G G G G G T T T A C G A C C T C G A T G T T G G A T C A G G A C A C C C C A 
c m a 3 2 C C G T A T C G A C A G G G G G G T T T A C G A C C T C G A T G T T G G A T C A G G A C A T C C T A 
c m a 3 3 C C G T A T C G A C A G G G G G G T T T A C G A C C T C G A T G T T G G A T C A G G A C A T C C T A 
c m a 3 4 C C A T A T C A A A A A G A A G G T T T A C G A C C T C G A T G T T G G A T C A G G A C A C C C A A 
c m a 3 5 C C A T A T C A A A A A G A A G G T T T A C G A C C T C G A T G T T G G A T C A G G A C A C C C A A 
c m a 3 6 C C C C A T C G A C A A G A A G G T T T A C G A C C T C G A T G T T G G A T C A G G G C A C C C C A 
c m a 3 7 C C G T A T C G A C A G G G G G G T T T A C G A C C T C G A T G T T G G A T C A G G A C A T C C T A 
c m a 3 8 C C C C A T C G A T A A G A A G G T T T A A G A C C T C G A T G T T G G A T C A G G G C A C C C C A 
c m a 3 9 C C C C A T C G A C A A G A A G G T T T A C G A C C T C G A T G T T G G A T C A G G G C A C C C C A 
c m a 4 0 C C G T A T C G A C A G G G G G G T T T A C G A C C T C G A T G T T G G A T C A G G A C A T C C T A 
c m a A l C C C C A T C G A C A A G A A G G T T T A C G A C C T C G A T G T T G G A T C A G G G C A C C C C A 
c m b S l C C C C A T C G A C A A G A A G G T T T A C G A C C T C G A T G T T G G A T C A G G G C A C C C C A 
C i n b 5 2 C C C C A T C G A C A A G A A G G T T T A C G A C C T C G A T G T T G G A T C A G G G C A C C C C A 
C i n b 5 3 C C C C A T C G A C A A G A A G G T T T A C G A C C T C G A T G T T G G A T C A G G G C A C C C C A 
c m b 5 4 C C C C A T C G A C A A G A A G G T T T A C G A C C T C G A T G T T G G A T C A G G G C A C C C C A 
c m b S S C C C C A T C G A C A A G A A G G T T T A C G A C C T C G A T G T T G G A T C A G G G C A C C C C A 
c m b S 6 C C C C A T C G A C A A G A A G G T T T A C G A C C T C G A T G T T G G A T C A G G G C A C C C C A 
c m b S V C C G T A T C G A C A G G G G G G T T T A C G A C C T C G A T G T T G G A T C A G G A C A T C C T A 
c m b 5 8 C C C C A T C G A C A A G A A G G T T T A C G A C C T C G A T G T T G G A T C A G G G C A C C C C A 
c m b S 9 C C C C A T C G A C A A G A A G G T T T A C G A C C T C G A T G T T G G A T C A G G G C A C C C C A 
c m c V I a C C G T A T C G A C A G G G G G G T T T A C G A C C T C G A T G T T G G A T C A G G A C A T C C T A 
c m c V l b C C A T A T C A A A A A G A A G G T T T A C G A C C T C G A T G T T G G A T C A G G A C A C C C A A 
c m d 8 1 C C G T A T C G A C A G G G G G G T T T A C G A C C T C G A T G T T G G A T C A G G A C A T C C T A 
c m d 8 2 C C C C A T C G A C A A G A A G G T T T A C G A C C T C G A T G T T G G A T C A G G G C A C C C C A 
c m d 8 3 C C C C A T C G A C A A G A A G G T T T A C G A C C T C G A T G T T G G A T C A G G G C A C C C C A 
C C O l T C A T A T C G A C A G G G G G G T T T A C G A C C T C G A T G T T G G A T C A G G A T A T C C T A 
C P O l C C G T A T C G A C A G G G G G G T T T A C G A C C T C G A T G T T G G A T C A G G A C A T C C T A 
C S O l C C G T A T C G A C A G G G G G G T T T A C G A C C T C G A T G T T G G A T C A G G A C A T C C T A 
V B O l C C C C A T C G A C A A G A A G G T T T A C G A C C T C G A T G T T G G A T C A G G A C A C C C C A 
V S O l C C C C A T C G A C A A G A A G G T T T A C G A C C T C G A T G T T G G A T C A G G A C A C C C C A 
Alligator mississippiensis N C 0 0 1 9 2 2 C C C T A T C G A C A A G G G G G T T T A C G A C C T C G A T G T T G G A T C A G G A C A C C C C A 
Alligator mississippiensis Y 1 3 1 1 3 C C C T A T C G A C A A G G G G G T T T A C G A C C T C G A T G T T G G A T C A G G A C A C C C C A 
Alligator sinensis A F 5 1 1 5 0 7 C C C T A T C G A C A G G G G G G T T T A C G A C C T C G A T G T T G G A T C A G G A C A C C C C A 
Alligator sinensis N C 0 0 4 4 4 8 C C C T A T C G A C A G G G G G G T T T A C G A C C T C G A T G T T G G A T C A G G A C A C C C C A 
Caiman crocodilus A J 4 0 4 8 7 2 T C A T A T C G A C A G G G G G G T T T A C G A C C T C G A T G T T G G A T C A G G A T A T C C T A 
Caiman crocodilus N C 0 0 2 7 4 4 T C A T A T C G A C A G G G G G G T T T A C G A C C T C G A T G T T G G A T C A G G A T A T C C T A 
Crocodylus cataphractus A Y 2 3 9 1 4 7 C C T T A T C G A C A G G G G G G T T K 
Crocodylus intermedlus A Y 2 3 9 1 4 6 C C C T A T C G A C A A G G G G G T T T 
Crocodylus niloticus A J 8 1 0 4 5 2 C C A T A T C G A C A G G G G G G T T T A C G A C C T C G A T G T T G G A T C A G G A C A T C C T A 
Crocodylus niloticus N C 0 0 8 1 4 2 C C A T A T C G A C A G G G G G G T T T A C G A C C T C G A T G T T G G A T C A G G A C A T C C T A 
Crocodylus porosus A J 8 1 0 4 5 3 C C G T A T C G A C A G G G G G G T T T A C G A C C T C G A T G T T G G A T C A G G A C A T C C T A 
Crocodylus porosus N C 0 0 8 1 4 3 C C G T A T C G A C A G G G G G G T T T A C G A C C T C G A T G T T G G A T C A G G A C A T C C T A 
Crocodylus rhomhifer A Y 2 3 9 1 4 5 C C C T A T C G A C A A G G G G G T T T 
Crocodylus siamensis E F 5 8 1 8 5 9 C C G T A T C G A C A G G G G G G T T T A C G A C C T C G A T G T T G G A T C A G G A C A T C C T A 
Python curtus A F 2 1 5 2 7 7 C C A T A T C A A A A A G A A G G T T T A C G A C C T C G A T G T T G G A T C A G G A C A C C C A A 
Python regius A B 1 7 7 8 7 8 C C A T A T C A A A A A G A A G G T T T A C G A C C T C G A T G T T G G A T C A G G A C A C C C A G 
Python reticulatus Z 4 6 4 7 8 C C A T A T C A A A A A G A A G G T T T A C G A C C T C G A T G T T G G A T C A G G A C A C C C A A 
Varanus komodoensis A B 0 8 0 2 7 5 CCCCATCGACAAGAAGGTTTACGACCTCGATGTTGGATCAGGACACCCAA 
Varanus niloticus A B 1 8 5 3 2 7 C C C A A T C G A C A A G A A G G T T T A C G A C C T C G A T G T T G G A T C A G G A C A C C C A A 
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Appendix 7. (continued) 
Sample names (Codes / Accession no.) 460 470 480 490 500 510 
——丨——丨——丨——丨——丨——丨——I——I——丨——I——丨——I… 
c m a 3 1 T T G G T G T A A C C G C T A T T A A T G G T T C G T T T G T T C A A C G A T T A A - A G T C C T A C G T G A T - C T G A G T 
c n i a 3 2 A T G G T G T A A C C G C T A T T A A T G G T T C G T T T G T T C A A C G A T T A A - A G T C C T A C G T G A T - C T G A G T 
c m a 3 3 A T G G T G T A A C C G C T A T T A A T G G T T C G T T T G T T C A A C G A T T A A - A G T C C T A C G T G A T - C T G A G T 
c m a 3 4 A T G G T G C A G C C G C T A T T A A A G G T T C G T T T G T T C A A C G A T T A A C A G T C C T A C G T G A T - C T G A G T 
c n i a 3 5 A T G G T G C A G C C G C T A T T A A A G G T T C G T T T G T T C A A C G A T T A A C A G T C C T A C G T G A T - C T G A G T 
c m a 3 6 A T A G C G C A G C C G C T A T - A A A G G T T C - G T T G T T C A A C G A T T A A - A G T C C T A C G T G A T - C T G A G T 
c m a 3 7 A T G G T G T A A C C G C T A T T A A T G G T T C G T T T G T T C A A C G A T T A A - A G T C C T A C G T G A T - C T G A G T 
c m a 3 8 A T A G C G C A G C C G C T A T T A A A G G T T C A G T T G T T C A A C G A T T A A T A G C C C T A C G T G A - - C T G A G T 
c m a 3 9 A T A G C G C A G C C G C T A T T A A A G G T T C G T T T G T T C A A C G A T T A A T A G C C C T A C G T G A T - C T G A G T 
c m a 4 0 A T G G T G T A A C C G C T A T T A A T G G T T C G T T T G T T C A A C G A T T A A - A G T C C T A C G T G A T - C T G A G T 
c m a 4 1 A T A G C G C A G C C G C T A T T A A A G G T T C G T T T G T T C A A C G A T T A A T A G C C C T A C G T G A T - C T G A G T 
c m b S l A T A G C G C A G C C G C T A T T A A A G G T T C G T T T G T T C A A C G A T T A A T A G C C C T A C G T G A T - C T G A G T 
C i n b 5 2 A T A G C G C A G C C G C T A T - A A A G G T G G T G T T G T T C A A C G A T T A A T A G C C C T A C G T G A T - C T G A G T 
C i n b 5 3 A T A G C G C A G C C G C T A T T A A A G G T T C G T T T G T T C A A C G A T T A A T A G C C C T A C G T G A T - C T G A G T 
C i n b 5 4 A T A G C G C A G C C G C T A T T A A A G G T T C - G T T G T T C A A C G A T T A A T A G C C C T A C G T G A T - C T G A G T 
c m b S S A T A G C G C A G C C G C T A T T A A A G G T T C G T T T G T T C A A C G A T T A A T A G C C C T A C G T G A T - C T G A G T 
c m b S e A T A G C G C A G C C G C T A T - A A A G G T T C G T T T G T T C A A C G A T T A A T A G C C C T A C G T G A T - C T G A G T 
c n i b 5 7 A T G G T G T A A C C G C T A T T A A T G G T T C G T T T G T T C A A C G A T T A A - A G T C C T A C G T G A T - C T G A G T 
c m b S S A T A G C G C A G C C G C T A T T A A A G G T T C G T T T G T T C A A C G A T T A A T A G C C C T A C G T G A T - C T G A G T 
c m b 5 9 A T A G C G C A G C C G C T A T T A A A G G T T C G T T T G T T C A A C G A T T A A T A G C C C T A C G T G A T - C T G A G T 
c m c 7 1 a A T G G T G T A A C C G C T A T T A A T G G T T C G T T T G T T C A A C G A T T A A - A G T C C T A C G T G A T - C T G A G T 
c m c 7 1 b A T G G T G C A G C C G C T A T T A A A G G T T C G T T T G T T C A A C G A T T A A C A G T C C T A C G T G A T - C T G A G T 
c m d B l A T G G T G T A A C C G C T A T T A A T G G T T C G T T T G T T C A A C G A T T A A - A G T C C T A C G T G A T - C T G A G T 
c m d 8 2 A T A G C G C A G C C G C T A T T A A A G G T T C G T T T G T T C A A C G A T T A A T A G C C C T A C G T G A T - C T G A G T 
c m d 8 3 A T A G C G C A G C C G C T A T T A A A G G T T C G T T T G T T C A A C G A T T A A T A G C C C T A C G T G A T - C T G A G T 
C C O l A T G G T G T A A C C G C T A T T A A A G G T T C G T T T G T T C A A C G A T T A A - A A T C C T A C G T G A T - C T G A G T 
C P O l A T G G T G T A A C C G C T A T T A A C G G T T C G T T T G T T C A A C G A T T A A - A G T C C T A C G T G A T - C T G A G T 
C S O l A T G G T G T A A C C G C T A T T A A T G G T T C G T T T G T T C A A C G A T T A A - A G T C C T A C G T G A T - C T G A G T 
V B O l G T G G C G C A G C C G C T A C T A A A G G T T C G T T T G T T C A A C G A T T A A - A G C C C T A C G T G A T - C T G A G T 
V S O l A T A G C G C A G C C G C T A T T A A A G G T T C G T T T G T T C A A C G A T T A A - A G C C C T A C G T G A T - C T G A G T 
Alligator mississippiensis N C 0 0 1 9 2 2 T T G G T G T A A C C G C T A T T A A T G G T T C G T T T G T T C A A C G A T T A A - A G T C C T A C G T G A T - C T G A G T 
Alligator mississippiensis Y 1 3 1 1 3 T T G G T G T A A C C G C T A T T A A T G G T T C G T T T G T T C A A C G A T T A A - A G T C C T A C G T G A T - C T G A G T 
Alligator sinensis A F 5 1 1 5 0 7 T T G G T G T A A C C G C T A A T A A T G G T T C G T T T G T T C A A C G T T T A A - A G T C C T A C G T G A T A C T G A G T 
Alligator sinensis N C 0 0 4 4 4 8 T T G G T G T A A C C G C T A A T A A T G G T T C G T T T G T T C A A C G T T T A A - A G T C C T A C G T G A T A C T G A G T 
Caiman crocodllus AJ404872 A T G G T G T A A C C G C T A T T A A A G G T T C G T T T G T T C A A C G A T T A A - A A T C C T A C G T G A T - C T G A G T 
Caiman crocodllus NC 002744 A T G G T G T A A C C G C T A T T A A A G G T T C G T T T G T T C A A C G A T T A A - A A T C C T A C G T G A T - C T G A G T 
Crocodylus cataphractus AY239147 
Crocodylus intermedlus AY239146 
Crocodylus nlloticus AJ810452 A T G G T G T A A C C G C T A T T A A C G G T T C G T T T G T T C A A C G A T T A A - A G T C C T A C G T G A T - C T G A G T 
Crocodylus nilotlcus NC 008142 A T G G T G T A A C C G C T A T T A A C G G T T C G T T T G T T C A A C G A T T A A - A G T C C T A C G T G A T - C T G A G T 
Crocodylus porosus AJ810453 A T G G T G T A A C C G C T A T T A A C G G T T C G T T T G T T C A A C G A T T A A - A G T C C T A C G T G A T - C T G A G T 
Crocodylus porosus NC 008143 A T G G T G T A A C C G C T A T T A A C G G T T C G T T T G T T C A A C G A T T A A - A G T C C T A C G T G A T - C T G A G T 
Crocodylus rhomblfer AY239145 
Crocodylus siamensis EF581859 A T G G T G T A A C C G C T A T T A A T G G T T C G T T T G T T C A A C G A T T A A - A G T C C T A C G T G A T - C T G A G T 
Python curtus AF215277 A T G G T G C A G C C G C T A T T A A A G G T T C G T 
Python reglus AB177878 G T G G T G C A A C C G C T A C C A A A G G T T C G T T T G T T C A A C G A T T A A C A G T C C C A C G T G A T - C T G A G T 
Python reticulatus Z46478 A T G G T G C A G C C G C T A T T A A A G G T T C G T T T G T T C A A C G A T T A A C A G T 
Varanus komodoensls AB080275 A T A G C G C A G C C G C T A C T A A A G G T T C G T T T G T T C A A C G A T T A A - A G C C C T A C G T G A T - C T G A G T 
Varanus nilotlcus AB185327 A T G G C G C A G C C G C T A T T A A A G G T T C G T T T G T T C A A C G A T T A A - A G C C C T A C G T G A T - C T G A G T 
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Appendix 8. Sequence alignment of cytochrome 
b gene region of crocodile meat samples 
and GenBank sequences 
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Appendix 18. (continued) 







cma3 6 GATGAAACTTTGGAGCATTACTCGGCATGTGCTTAGGAATCCAAATCACA 
cma37 GATGAAACTTCGGATCACTTCTTGGATTCACCCTATTAATTCAACTAGCA 
cma38 GATGAAACTTTGGAGCATTACTCGGCATGTGCTTAGGAATCCAAATCACA 
cma3 9 GATGAAACTTTGGAGCATTACTCGGCATGTGCTTAGGAATCCAAATCACA 





c m b 5 4 G A T G A A A C T T T G G A G C A T T A C T C G G C A T G T G C T T A G G A A T C C A A A T C A C A 
c m b S S G A T G A A A C T T T G G A G C A T T A C T C G G C A T G T G C T T A G G A A T C C A A A T C A C A 




c m c 7 1 a G A T G A A A C T T C G G A T C A C T T C T T G G A T T C A C C C T A T T A A T T C A A C T A G C A 
c m c 7 l b G A T G A A A C T T C G G C T C A A T A T T A C T A A C A T G T C T A G C C T T A C A A G T A C T A 
c m d S l G A T G A A A C T T C G G A T C A C T T C T T G G A T T C A C C C T A T T A A T T C A A C T A G C A 
cmd82 GATGAAACTTTGGAGCATTACTCGGCATGTGCTTAGGAATCCAAATCACA 






Alligator za±ss±ss±pp±ens±s N C 0 0 1 9 2 2 G A T G A A A C T T T G G A T C A C T A C T A G G C C T A A C C C T A T T A A T T C A G A T T C T A 
Alligator mississippiensis Y13113 GATGAAACTTTGGATCACTACTAGGCCTAACCCTATTAATTCAGATTCTA 
Alligator sinensis AF511507 GTTGAAACTTTGGATCACTACTAGGCCTAACCCTTCTAATCCAGATCCTA 
Alligator sinensis NC 004448 GTTGAAACTTTGGATCACTACTAGGCCTAACCCTTCTAATCCAGATCCTA 
Caiman crocodilus A J 4 0 4 8 7 2 G A T G A A A C T T C G G A T C A T T A C T A G G C C T G A C C C T T A T A A T C C A A A T C C T C 
Caiman crocodilus NC 002744 GATGAAACTTCGGATCATTACTAGGCCTGACCCTTATAATCCAAATCCTC 
Crocodylus acutus A F 1 5 9 0 2 9 
Crocodylus acutus E U 0 3 4 5 8 2 
Crocodylus cataphractus A Y 2 3 9 1 6 1 CAACTAACA 
Crocodylus intermedius A Y 2 3 9 1 6 0 CAACTAACA 
Crocodylus Intermedius E U 0 3 4 5 8 1 CAACTAACA 
Crocodylus niloticus A J 8 1 0 4 5 2 GATGAAACTTTGGATCACTTCTTGGATTCACCCTATTAGTCCAGCTGGCG 
Crocodylus niloticus N C 0 0 8 1 4 2 GATGAAACTTTGGATCACTTCTTGGATTCACCCTATTAGTCCAGCTGGCG 
Crocodylus moreletii E U 0 3 4 5 8 4 
Crocodylus moreletii E U 0 3 4 5 8 5 
Crocodylus porosus A J 8 1 0 4 5 3 GATGAAACTTTGGATCACTTCTCGGATTCACTCTATTAATCCAATTAGCA 
Crocodylus porosus N C 0 0 8 1 4 3 GATGAAACTTTGGATCACTTCTCGGATTCACTCTATTAATCCAATTAGCA 
Crocodylus rhombifer A Y 2 3 9 1 5 9 CAACTAGCA 
Crocodylus siamensis E F 5 8 1 8 5 9 G A T G A A A C T T C G G A T C A C T T C T T G G A T T C A C C C T A T T A A T T C A A C T A G C A 
Python molurus AY099983 GATGAAACTTCGGCTCAATACTATTAGCATGCTTAGCCCTACAAGTATTA 
Python molurus U 6 9 8 5 3 G A T G A A A C T T C G G C T C A A T A C T A T T A G C A T G C T T A G C C C T A C A A G T A T T A 
Python regius AB177878 GATGAAACTTCGGCTCAATACTACTAACATGTCTAATGTTACAAGTACTT 
Python regius A F 3 3 7 1 1 6 G A T G A A A C T T C G G C T C A A T A C T A C T A A C A T G T C T A A T G T T A C A A G T A C T T 
Python reticulatus A Y 0 1 4 8 9 6 G A T G A A A C T T C G G C T C A A T A T T A C T A A C A T G T C T A G C C T T A C A A G T A C T A 
Python reticulatus U69860 GATGAAACTTCGGCTCAATATTACTAACATGTCTAGCCTTACAAGTACTA 
Python sebae U 6 9 8 6 3 G A T G A A A T T T C G G C T C A A T A C T A C T A A C A T G T T T A G C C T T A C A A A C G C T C 
Python timoriensis A F 2 4 1 3 9 8 G A T G A A A C T T C G G C T C A C T A C T A T T A A C A T G T C T A G C C C T A C A A G T A T T A 
Python timoriensis U69864 GATGAAACTTCGGCTCACTACTATTAACATGTCTAGCCCTACAAGTATTA 
Varanus bengalensis E U 1 4 5 7 3 4 G A T G A A A T T T C G G A G C A T T G C T T G G C A T A T G C C T A G G A A T T C A A A T C A T A 
Varanus bengalensis E U 1 4 5 7 3 5 G A T G A A A T T T C G G A G C A T T G C T T G G C A T A T G C C T A G G A A T T C A A A T C A T A 
Varanus komodoensis A B 0 8 0 2 7 6 G A T G A A A C T T C G G A G C A C T C C T T G G C C T A T G T C T A G G A A T C C A A A T T A T T 
Varanus niloticus AB185327 GATGAAATTTTGGTGCACTCCTAGGCATATGCCTAGGAGTGCAAATTATG 
Varanus salvator E U 1 4 5 7 3 7 GATGAAACTTTGGAGCATTACTCGGCATGTGCTTAGGAATCCAAATCACA 
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Appendix 18. (continued) 





















c n i b 5 9 A C A G G C C T A T T C T T A G C C A T A C A C T A T A C A A C A G A C A T T T C C A T A G C A T T 
c m c V l a T C G G G C A T C C T A C T A A T A A T A C A C T T C C T A G C A G A T G A T T C T C T A G C C T T 
cmcVlb ACCGGCTTTTTCCTAGCCGTCCATTACACAGCAAACATTAACCTAGCATT 
c m d S l TCGGGCATCCTACTAATAATACACTTCCTAGCAGATGATTCTCTAGCCTT 
c m d 8 2 A C A G G C C T A T T C T T A G C C A T A C A C T A T A C A A C A G A C A T T T C C A T A G C A T T 






Alligator mississippiensis N C 0 0 1 9 2 2 A C A G G A T T C T T C T T A A T A A T G C A C T T T T C A T C A A G C G A T A C T C T A G C A T T 
Alligator mississippiensis Y13113 ACAGGATTCTTCTTAATAATGCACTTTTCATCAAGCGATACTCTAGCATT 
Alligator sinensis AF511507 ACAGGAGTCTTCTTAATAATGCACTTCTCATCGGGTGACACCATAGCATT 
Alligator sinensis N C 0 0 4 4 4 8 A C A G G A G T C T T C T T A A T A A T G C A C T T C T C A T C G G G T G A C A C C A T A G C A T T 
Caiman crocodilus AJ404872 ACAGGAGTATTCCTAATAATACACTTCTCACCCAGCGATACCACAGCTTT 
Caiman crocodilus N C 0 0 2 7 4 4 A C A G G A G T A T T C C T A A T A A T A C A C T T C T C A C C C A G C G A T A C C A C A G C T T T 
Crocodylus acutus A F 1 5 9 0 2 9 ATCCTACTAATAATGCACTTCCTGGCAGATGACTCTCTAGCTTT 
Crocodylus acutus E U 0 3 4 5 8 2 ATCCTACTAATAATGCACTTCCTGGCAGATGACTCTCTAGCTTT 
Crocodylus cataphractus A Y 2 3 9 1 6 1 TCCGGAATCTTACTAATAATACACTTCCTAGCTGACGACACACTAGCTTT 
Crocodylus intermedlus A Y 2 3 9 1 6 0 TCGGGCATCCTACTAATAATGCACTTCCTGGCAGATGACTCTCTAGCTTT 
Crocodylus Intermedlus E U 0 3 4 5 8 1 TCGGGCATCCTACTAATAATGCACTTCCTGGCAGATGACTCTCTAGCTTT 
Crocodylus niloticus A J 8 1 0 4 5 2 TCGGGCATCCTACTAATAATGCATTTCCTAGCAGATGACTCCCTAGCTTT 
Crocodylus niloticus N C 0 0 8 1 4 2 TCGGGCATCCTACTAATAATGCATTTCCTAGCAGATGACTCCCTAGCTTT 
Crocodylus morale til E U 0 3 4 5 8 4 ATCCTACTAATAATGCACTTCCTAGCAGATGACTCCCTAGCTTT 
Crocodylus moreletll E U 0 3 4 5 8 5 ATCCTACTAATAATGCACTTCCTAGCAGATGACTCCCTAGCTTT 
Crocodylus p o r o s u s A J 8 1 0 4 5 3 T C G G G C A T C C T A C T A A T A A T G C A C T T C C T A G C A G A C G A C T C T T T A G C T T T 
Crocodylus porosus NC 008143 TCGGGCATCCTACTAATAATGCACTTCCTAGCAGACGACTCTTTAGCTTT 
Crocodylus rhomblfer A Y 2 3 9 1 5 9 T C G G G C A T C C T A C T A A T A A T G C A C T T C C T A G C T G A T G A C T C T C T G G C T T T 
Crocodylus siamensis EF581859 TCGGGCATCCTACTAATAATACACTTCCTAGCAGATGATTCTCTAGCCTT 
Python molurus A Y 0 9 9 9 8 3 A C C G G A T T C T T C C T A G C C G T C C A C T A C A C A G C A A A C A T C A A C C T A G C A T T 
Python molurus U 6 9 8 5 3 A C C G G A T T C T T C C T A G C C G T C C A C T A C A C A G C A A A C A T C A A C C T A G C A T T 
Python regius A B 1 7 7 8 7 8 A C C G G C T T C T T C C T A G C T G T C C A C T A T A C G G C A A A C A T C A A C C T A G C A T T 
Python regius AF337116 ACCGGCTTCTTCCTAGCTGTCCACTATACGGCAAACATCAACCTAGCATT 
Python reticulatus A Y 0 1 4 8 9 6 A C C G G C T T T T T C C T A G C C G T C C A T T A C A C A G C A A A C A T T A A C C T A G C A T T 
Python reticulatus U 6 9 8 6 0 ACCGGCTTTTTCCTAGCCGTCCATTACACAGCAAACATTAACCTAGCATT 
Python sebae U 6 9 8 6 3 ACAGGCTTCTTCCTAGCTGTCCACTACACAGCAAACATTAACCTAGCATT 
Python tlmoriensis A F 2 4 1 3 9 8 A C T G G T T T T T T C C T A G C C G T T C A C T A C A C A G C A A A C A T T A A C C T G G C A T T 
Python tlmoriensis U 6 9 8 6 4 ACTGGTTTTTTCCTAGCCGTTCACTACACAGCAAACATTAACCTGGCATT 
Varanus bengalensis E U 1 4 5 7 3 4 A C A G G C C T A T T T C T A G C T A T A C A C T A C A C A A C A G A C A T C T C A A T A G C A T T 
Varanus bengalensis E U 1 4 5 7 3 5 A C A G G C C T A T T T C T A G C T A T A C A C T A C A C A A C A G A C A T C T C A A T A G C A T T 
Varanus komodoensis A B 0 8 0 2 7 6 A C A G G A C T C T T T C T A G C T A T A C A C T A C A C A A C G G A T A T T T C C A T A G C A T T 
Varanus niloticus A B 1 8 5 3 2 7 A C A G G C C T A T T C T T G G C A A T A C A T T A C A C A A C A G A T A T C T C C A T A G C A T T 
Varanus salvator E U 1 4 5 7 3 7 ACAGGCCTATTCTTAGCCATACACTATACAACAGACATTTCCATAGCATT 
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Appendix 18. (continued) 
S a m p l e n a m e s ( C o d e s / A c c e s s i o n n o . ) 1 1 0 1 2 0 1 3 0 1 4 0 1 5 0 
——I——I——I——I——I——I——I——I——I——I 
c m a 3 1 T T C A T C T G T A T C C T A C A C C T C C C G C G A A G T C T G A T T T G G A T G A C T C A T C C 
c m a 3 2 C A T A T C C G T A G C C T A C A C C T C A C G A G A A G T T T G A T A T G G T T G A C T A A T C C 
c m a 3 3 C A T A T C C G T A G C C T A C A C C T C A C G A G A A G T T T G A T A T G G T T G A C T A A T C C 
c m a 3 4 T T C A T C C A T C A T C C A C A T C A C C C G A G A C G T C C C A T A C G G C T G A A T A A T A C 
c m a 3 5 T T C C T C T A T T A T A C A C A T C A C C C G C G A C G T C C C A T A C G G C T G A A T A A T A C 
c m a 3 6 C T C C T C A G T A T C C C A T A T C T G C C G G G A T G T T C A A C A C G G C T G A C T C C T T C 
c m a 3 7 C A T A T C C G T A G C C T A C A C C T C A C G A G A A G T T T G A T A T G G T T G A C T A A T C C 
c m a 3 8 C T C C T C A G T A T C C C A T A T C T G C C G G G A T G T T C A A C A C G G C T G A C T C C T T C 
c m a 3 9 C T C C T C A G T A T C C C A T A T C T G C C G G G A T G T T C A A C A C G G C T G A C T C C T T C 
c m a 4 0 C A T A T C C G T A G C C T A C A C C T C A C G A G A A G T T T G A T A T G G T T G A C T A A T C C 
c m a 4 1 C T C C T C A G T A T C C C A T A T C T G C C G G G A T G T T C A A C A C G G C T G A C T C C T T C 
c m b S l C T C C T C A G T A T C C C A T A T C T G C C G G G A T G T T C A A C A C G G C T G A C T C C T T C 
c m b 5 2 C T C C T C A G T A T C C C A T A T C T G C C G G G A T G T T C A A C A C G G C T G A C T C C T T C 
C i n b 5 3 C T C C T C A G T A T C C C A T A T C T G C C G G G A T G T T C A A C A C G G C T G A C T C C T T C 
C i n b 5 4 C T C C T C A G T A T C C C A T A T C T G C C G G G A T G T T C A A C A C G G C T G A C T C C T T C 
c m b S S C T C C T C A G T A T C C C A T A T C T G C C G G G A T G T T C A A C A C G G C T G A C T C C T T C 
c m b S e C T C C T C A G T A T C C C A T A T C T G C C G G G A T G T T C A A C A C G G C T G A C T C C T T C 
C i n b 5 7 C A T A T C C G T A G C C T A C A C C T C A C G A G A A G T T T G A T A T G G T T G A C T A A T C C 
c m b S S C T C C T C A G T A T C C C A T A T C T G C C G G G A T G T T C A A C A C G G C T G A C T C C T T C 
C i n b 5 9 C T C C T C A G T A T C C C A T A T C T G C C G G G A T G T T C A A C A C G G C T G A C T C C T T C 
c m c 7 1 a C A T A T C C G T A G C C T A C A C C T C A C G A G A A G T T T G A T A T G G T T G A C T A A T C C 
c m c 7 l b T T C A T C C A T C A T C C A C A T C A C C C G A G A C G T C C C A T A C G G C T G A A T A A T A C 
c m d S l C A T A T C C G T A G C C T A C A C C T C A C G A G A A G T T T G A T A T G G T T G A C T A A T C C 
c m d 8 2 C T C C T C A G T A T C C C A T A T C T G C C G G G A T G T T C A A C A C G G C T G A C T C C T T C 
c m d 8 3 C T C C T C A G T A T C C C A T A T C T G C C G G G A T G T T C A A C A C G G C T G A C T C C T T C 
C C O l C T C A T C C G T C G C C T A C A C C T C C C G C G A G G T C T G A T T T G G A T G A C T T A T C C 
C P O l T A T A T C C G T C G C C T A C A C T T C A C G A G A A G T C T G A T A T G G T T G A C T A A T C C 
C S O l C A T A T C C G T A G C C T A C A C C T C A C G A G A A G T T T G A T A T G G T T G A C T A A T C C 
V B O l C T C T T C A G T A T C C C A C A T C T C C C G A G A T G T A C A A C A T G G T T G A C T T C T C C 
V S O l C T C C T C A G T A T C C C A T A T C T G C C G G G A T G T T C A A C A C G G C T G A C T C C T T C 
Alligator mississippiensis N C 0 0 1 9 2 2 T T C A T C T G T A T C C T A C A C C T C C C G C G A A G T C T G A T T T G G A T G A C T C A T C C 
Alligator mississippiensis Y 1 3 1 1 3 T T C A T C T G T A T C C T A C A C C T C C C G C G A A G T C T G A T T T G G A T G A C T C A T C C 
Alligator sinensis A F 5 1 1 5 0 7 T T C A T C T G T C G C C T A C A C C T C C C G T G A A G T T T G G T T C G G G T G G C T T A T T C 
Alligator sinensis N C 0 0 4 4 4 8 T T C A T C T G T C G C C T A C A C C T C C C G T G A A G T T T G G T T C G G G T G G C T T A T T C 
Caiman crocodilus A J 4 0 4 8 7 2 C T C A T C C G T C G C C T A C A C C T C C C G C G A G G T C T G A T T T G G A T G A C T T A T C C 
Caiman crocodilus N C 0 0 2 7 4 4 C T C A T C C G T C G C C T A C A C C T C C C G C G A G G T C T G A T T T G G A T G A C T T A T C C 
Crocodylus acutus A F 1 5 9 0 2 9 T A T A T C T G T A G C T T A C A C T T C A C G A G A A G T T T G A T A T G G T T G A C T A A T C C 
Crocodylus acutus E U 0 3 4 5 8 2 T A T A T C T G T A G C T T A C A C T T C A C G A G A A G T T T G A T A T G G T T G A C T A A T C C 
Crocodylus cataphractus A Y 2 3 9 1 6 1 C A C A T C A A T T G C C T A C A C C T C A C G A G A A G T T T G A T A T G G C T G A C T A A T C C 
Crocodylus Intermedins A Y 2 3 9 1 6 0 T A T G T C T G T A G C T T A C A C T T C A C G A G A A G T T T G A T A T G G T T G A C T A A T C C 
Crocodylus intermedlus E U 0 3 4 5 8 1 T A T G T C T G T A G C T T A C A C T T C A C G A G A A G T T T G A T A T G G T T G A C T A A T C C 
Crocodylus nllotlcus A J 8 1 0 4 5 2 T A T A T C T G T C G C T T A T A C T T C A C G A G A A G T T T G A T A C G G C T G A C T A A T T C 
Crocodylus nllotlcus N C 0 0 8 1 4 2 T A T A T C T G T C G C T T A T A C T T C A C G A G A A G T T T G A T A C G G C T G A C T A A T T C 
Crocodylus moreletil E U 0 3 4 5 8 4 T A T A T C T G T T G C T T A T A C C T C A C G A G A A G T T T G A T A T G G T T G A C T A A T C C 
Crocodylus moreletil E U 0 3 4 5 8 5 T A T A T C T G T T G C T T A T A C C T C A C G A G A A G T T T G A T A T G G T T G A C T A A T C C 
Crocodylus porosus A J 8 1 0 4 5 3 T A T G T C C G T C G C C T A C A C T T C A C G A G A A G T C T G A T A T G G T T G A C T A A T C C 
Crocodylus porosus N C 0 0 8 1 4 3 T A T G T C C G T C G C C T A C A C T T C A C G A G A A G T C T G A T A T G G T T G A C T A A T C C 
Crocodylus rhombifer A Y 2 3 9 1 5 9 T A T A T C T G T C G C T T A T A C T T C A C G A G A A G T T T G A T A T G G C T G A T T A A T C C 
Crocodylus siamensis E F 5 8 1 8 5 9 C A T A T C C G T A G C C T A C A C C T C A C G A G A A G T T T G A T A T G G T T G A C T A A T C C 
Python molurus A Y 0 9 9 9 8 3 C T C A T C T A T C A T T C A C A T C A C C C G C G A T G T T C C A T A C G G C T G A A T A A T A C 
Python molurus U 6 9 8 5 3 C T C A T C T A T C A T T C A C A T C A C C C G C G A T G T T C C A T A C G G C T G A A T A A T A C 
Python regius A B 1 7 7 8 7 8 T T C A T C C A T T A T C C A T A T C A C C C G T G A C G T C C C C T A C G G C T G A C T A A T A C 
Python regius A F 3 3 7 1 1 6 T T C A T C C A T T A T C C A T A T C A C C C G T G A C G T C C C C T A C G G C T G A C T A A T A C 
Python reticulatus A Y 0 1 4 8 9 6 T T C A T C C A T C A T C C A T A T C A C C C G A G A C G T C C C A T A C G G C T G A A T A A T A C 
Python reticulatus U 6 9 8 6 0 T T C A T C C A T C A T C C A C A T C A C C C G A G A C G T C C C A T A C G G C T G A A T A A T A C 
Python sebae U 6 9 8 6 3 C T C A T C T A T C A T T C A C A T C A T C C G T G A C G T C C C A C A T G G C T G A A T A A T A C 
Python timoriensis A F 2 4 1 3 9 8 T T C A T C C A T C A T T C A C A T C A C C C G A G A C G T C C C A T A C G G T T G A A T G A T A C 
Python timoriensis U 6 9 8 6 4 T T C A T C C A T C A T T C A C A T C A C C C G A G A C G T C C C A T A C G G T T G A A T G A T A C 
Varanus bengalensis E U 1 4 5 7 3 4 C T C T T C A G T A T C C C A C A T C T C C C G A G A T G T A C A A C A T G G T T G A C T T C T C C 
Varanus bengalensis E U 1 4 5 7 3 5 C T C T T C A G T A T C C C A C A T C T C C C G A G A T G T A C A A C A T G G T T G A C T T C T C C 
Varanus komodoensis A B 0 8 0 2 7 6 C T C C T C A G T A T C C C A C A T C T G C C G A G A C A T T C A A C A C G G A T G A C T T C T T C 
Varanus nllotlcus A B 1 8 5 3 2 7 T T C A T C A G T A A C C C A T A T C T G T C G A G A C G T G C A G C A T G G T T G A C T A C T A C 
Varanus salvator E U 1 4 5 7 3 7 CTCCTCAGTATCCCATATCTGCCGGGATGTTCAACACGGCTGACTCCTTC 
2 1 2 
Appendix 18. (continued) 
S a m p l e n a m e s ( C o d e s / A c c e s s i o n n o . ) 1 6 0 1 7 0 
. . . . I • . . . I . . . . I • … I . . . . I . . . . I . . . . I • … I . . . . I . . . . I 
c n i a 3 1 G C A A C C T C C A C A C A A A T G G G G C C T C C C T G T T C T T T A T A T T T A T C T T T C T T 
c m a 3 2 G A A G C C T A C A C G C A A A C G G A G C T T C C C T G T T C T T C C T A T G C A T T T T C C T C 
c m a 3 3 G A A G C C T A C A C G C A A A C G G A G C T T C C C T G T T C T T C C T A T G C A T T T T C C T C 
c m a 3 4 A A A A C C T T C A C G C T A T C G G A G C A T C C A T A T T C T T C A T C T G C A T C T A C A T C 
c m a 3 5 A A A A T C T A C A C G C C A T C G G C G C A T C C A T A T T T T T C A T C T G C A T T T A T A T T 
c m a 3 6 G A A A C C T C C A T G C C A A C G G A G C A T C C C T A T T C T T C T T C T G C A T C T A T A T C 
c m a 3 7 G A A G C C T A C A C G C A A A C G G A G C T T C C C T G T T C T T C C T A T G C A T T T T C C T C 
c m a 3 8 G A A A C C T C C A T G C C A A C G G A G C A T C C C T A T T C T T C T T C T G C A T C T A T A T C 
c m a 3 9 G A A A C C T C C A T G C C A A C G G A G C A T C C C T A T T C T T C T T C T G C A T C T A T A T C 
c m a 4 0 G A A G C C T A C A C G C A A A C G G A G C T T C C C T G T T C T T C C T A T G C A T T T T C C T C 
c m a 4 1 G A A A C C T C C A T G C C A A C G G A G C A T C C C T A T T C T T C T T C T G C A T C T A T A T C 
c m b S l G A A A C C T C C A T G C C A A C G G A G C A T C C C T A T T C T T C T T C T G C A T C T A T A T C 
C i n b 5 2 G A A A C C T C C A T G C C A A C G G A G C A T C C C T A T T C T T C T T C T G C A T C T A T A T C 
c m b 5 3 G A A A C C T C C A T G C C A A C G G A G C A T C C C T A T T C T T C T T C T G C A T C T A T A T C 
C i n b 5 4 G A A A C C T C C A T G C C A A C G G A G C A T C C C T A T T C T T C T T C T G C A T C T A T A T C 
c m b S S G A A A C C T C C A T G C C A A C G G A G C A T C C C T A T T C T T C T T C T G C A T C T A T A T C 
c m b S e G A A A C C T C C A T G C C A A C G G A G C A T C C C T A T T C T T C T T C T G C A T C T A T A T C 
C i n b 5 7 G A A G C C T A C A C G C A A A C G G A G C T T C C C T G T T C T T C C T A T G C A T T T T C C T C 
C i n b 5 8 G A A A C C T C C A T G C C A A C G G A G C A T C C C T A T T C T T C T T C T G C A T C T A T A T C 
c r a b s 9 G A A A C C T C C A T G C C A A C G G A G C A T C C C T A T T C T T C T T C T G C A T C T A T A T C 
c m c V l a G A A G C C T A C A C G C A A A C G G A G C T T C C C T G T T C T T C C T A T G C A T T T T C C T C 
c m c 7 1 b A A A A C C T T C A C G C T A T C G G A G C A T C C A T A T T C T T C A T C T G C A T C T A C A T C 
c m d B l G A A G C C T A C A C G C A A A C G G A G C T T C C C T G T T C T T C C T A T G C A T T T T C C T C 
c m d 8 2 G A A A C C T C C A T G C C A A C G G A G C A T C C C T A T T C T T C T T C T G C A T C T A T A T C 
c m d 8 3 G A A A C C T C C A T G C C A A C G G A G C A T C C C T A T T C T T C T T C T G C A T C T A T A T C 
C C O l G A A G C T T C C A C A C A A A C G G A G C C T C C A T C T T C T T C A T A T T T A T C T T C C T A 
C P O l G A A G C C T C C A T G C A A A C G G A G C T T C C C T A T T C T T C C T A T G C A C C T T C C T C 
C S O l G A A G C C T A C A C G C A A A C G G A G C T T C C C T G T T C T T C C T A T G C A T T T T C C T C 
V B O l G C A A C C T C C A T G C T A A C G G A G C A T C C T T A T T C T T C C T C T G C A T T T A T A T T 
V S O l G A A A C C T C C A T G C C A A C G G A G C A T C C C T A T T C T T C T T C T G C A T C T A T A T C 
Alligator mississippiensis N C 0 0 1 9 2 2 G C A A C C T C C A C A C A A A T G G G G C C T C C C T G T T C T T T A T A T T T A T C T T T C T T 
Alligator mississippiensis Y 1 3 1 1 3 G C A A C C T C C A C A C A A A T G G G G C C T C C C T G T T C T T T A T A T T T A T C T T T C T T 
Alligator s i n e n s i s A F 5 1 1 5 0 7 G C G G C C T C C A C A T A A A C G G G G C C T C T C T C T T C T T C A T A T T C A T C T T C C T C 
Alligator sinensis N C 0 0 4 4 4 8 G C G G C C T C C A C A T A A A C G G G G C C T C T C T C T T C T T C A T A T T C A T C T T C C T C 
Caiman crocodilus A J 4 0 4 8 7 2 G A A G C T T C C A C A C A A A C G G A G C C T C C A T C T T C T T C A T A T T T A T T T T C C T A 
Caiman crocodilus N C 0 0 2 7 4 4 G A A G C T T C C A C A C A A A C G G A G C C T C C A T C T T C T T C A T A T T T A T T T T C C T A 
Crocodylus acutus A F 1 5 9 0 2 9 G A A G C C T C C A T G C A A A C G G A G C C T C C C T A T T C T T C C T A T G T A T T T T C C T A 
Crocodylus acutus E U 0 3 4 5 8 2 G A A G C C T C C A T G C A A A C G G A G C C T C C C T A T T C T T C C T A T G T A T T T T C C T A 
Crocodylus cataphractus A Y 2 3 9 1 6 1 G C A G C C T T C A C G C A A A C G G A G C C T C T C T A T T C T T C T T A T G C A T C T T C C T T 
Crocodylus Intermedlus A Y 2 3 9 1 6 0 G A A G C C T C C A T G C A A A C G G A G C C T C C C T A T T C T T C C T A T G T A T T T T C C T A 
Crocodylus Intermedlus E U 0 3 4 5 8 1 G A A G C C T C C A T G C A A A C G G A G C C T C C C T A T T C T T C C T A T G T A T T T T C C T A 
Crocodylus niloticus A J 8 1 0 4 5 2 G A A G C C T C C A T G C A A A C G G A G C C T C C C T A T T C T T C C T G T G T A T T T T C C T A 
Crocodylus niloticus N C 0 0 8 1 4 2 G A A G C C T C C A T G C A A A C G G A G C C T C C C T A T T C T T C C T G T G T A T T T T C C T A 
Crocodylus moreletli E U 0 3 4 5 8 4 G A A G C C T C C A T G C A A A C G G A G C C T C C C T G T T C T T C C T A T G T A T T T T C C T A 
Crocodylus moreletli E U 0 3 4 5 8 5 G A A G C C T C C A T G C A A A C G G A G C C T C C C T G T T C T T C C T A T G T A T T T T C C T A 
Crocodylus porosus A J 8 1 0 4 5 3 G A A G C C T C C A T G C A A A C G G A G C T T C C C T A T T C T T C C T A T G C A C A T T C C T C 
Crocodylus porosus N C 0 0 8 1 4 3 G A A G C C T C C A T G C A A A C G G A G C T T C C C T A T T C T T C C T A T G C A C A T T C C T C 
Crocodylus rhombifer A Y 2 3 9 1 5 9 G A A G T C T C C A T G C A A A C G G A G C C T C C C T A T T C T T C C T A T G T A T T T T C C T A 
Crocodylus siamensis E F 5 8 1 8 5 9 G A A G C C T A C A C G C A A A C G G A G C T T C C C T G T T C T T C C T A T G C A T T T T C C T C 
Python moluins A Y 0 9 9 9 8 3 A A A A C C T A C A C G C T A T C G G C G C A T C C A T A T T C T T C A T C T G C A T C T A C A T T 
Python molurus U 6 9 8 5 3 A A A A C C T A C A C G C T A T C G G C G C A T C C A T A T T C T T C A T C T G C A T C T A C A T T 
Python regius A B 1 7 7 8 7 8 A A A A C C T A C A C G C C A T C G G C G C A T C C A T A T T C T T T A T C T G C A T C T A C A T T 
Python regius A F 3 3 7 1 1 6 A A A A C C T A C A C G C C A T C G G C G C A T C C A T A T T C T T T A T C T G C A T C T A C A T T 
Python reticulatus A Y 0 1 4 8 9 6 A A A A C C T T C A C G C T A T C G G A G C A T C C A T A T T C T T C A T C T G C A T C T A C A T C 
Python reticulatus U 6 9 8 6 0 A A A A C C T T C A C G C T A T C G G A G C A T C C A T A T T C T T C A T C T G C A T C T A C A T C 
Python sebae U 6 9 8 6 3 A A A A C C T G C A C G C C A T C G G C G C A T C T A T A T T C T T T A T T T G C A T T T A C A T C 
Python timorlensls A F 2 4 1 3 9 8 A A A A C C T C C A C G C C A T C G G A G C A T C C A T A T T T T T C A T T T G T A T T T A C A T C 
Python timorlensls U 6 9 8 6 4 A A A A C C T C C A C G C C A T C G G A G C A T C C A T A T T T T T C A T T T G T A T T T A C A T C 
Varanus bengalensis E U 1 4 5 7 3 4 G C A A C C T C C A T G C T A A C G G A G C A T C C T T A T T C T T C C T C T G C A T T T A T A T T 
Varanus bengalensis E U 1 4 5 7 3 5 G C A A C C T C C A T G C T A A C G G A G C A T C C T T A T T C T T C C T C T G C A T T T A T A T T 
Varanus komodoensis A B 0 8 0 2 7 6 G A A A C T T A C A T G C C A A C G G A G C A T C C C T A T T C T T C C T C T G C A T T T A T A T C 
Varanus niloticus A B 1 8 5 3 2 7 G A A A C C T A C A T G C T A A C G G A G C A T C C T T A T T T T T C A T C T G C A T T T A C A T T 
Varanus salvatox E U 1 4 5 7 3 7 GAAACCTCCATGCCAACGGAGCATCCCTATTCTTCTTCTGCATCTATATC | 
2 1 3 
Appendix 18. (continued) 
S a m p l e n a m e s ( C o d e s / A c c e s s i o n n o . ) 2 1 0 2 2 0 
• … I • . . . I . … I . . . . I . … I . . . . I … . I … . I . . . . I . . . . I 
CACATCGGACGAGGCCTATACTACACATCATATCTTCACGAAAGCACATG 
° 贴 CACATCGGACGCGGGCTATACTACGGATCATACCTAAATGAAAATACATG 
cma 3 3 CACATCGGACGCGGGCTATACTACGGATCATACCTAAATGAAAATACATG 
cma34 CACATCGCACGAGGCCTATACTACGGATCATACCTCAACAAAGAAACCTG 
c m a 3 5 CACATCGCACGAGGACTTTACTACGGCTCCTACCTTAACAAAGAAACCTG 
CACATTGGCCGAGGCTTATACCACGGATCATACCTCCTTAAAAAAACCTG 
c 脑 3 7 CACATCGGACGCGGGCTATACTACGGATCATACCTAAATGAAAATACATG 
CACATTGGCCGAGGCTTATACCACGGATCATACCTCCTTAAAAAAACCTG 
cma3 9 CACATTGGCCGAGGCTTATACCACGGATCATACCTCCTTAAAAAAACCTG 
CACATCGGACGCGGGCTATACTACGGATCATACCTAAATGAAAATACATG 
c m a 4 1 CACATTGGCCGAGGCTTATACCACGGATCATACCTCCTTAAAAAAACCTG 
c n > b 5 1 CACATTGGCCGAGGCTTATACCACGGATCATACCTCCTTAAAAAAACCTG 
c n i b 5 2 CACATTGGCCGAGGCTTATACCACGGATCATACCTCCTTAAAAAAACCTG 
cni i>53 CACATTGGCCGAGGCTTATACCACGGATCATACCTCCTTAAAAAAACCTG 
c n i b 5 4 CACATTGGCCGAGGCTTATACCACGGATCATACCTCCTTAAAAAAACCTG 
c n i b 5 5 CACATTGGCCGAGGCTTATACCACGGATCATACCTCCTTAAAAAAACCTG 
cn>b5 6 CACATTGGCCGAGGCTTATACCACGGATCATACCTCCTTAAAAAAACCTG 
cn>b57 CACATCGGACGCGGGCTATACTACGGATCATACCTAAATGAAAATACATG 
c m b 5 8 CACATTGGCCGAGGCTTATACCACGGATCATACCTCCTTAAAAAAACCTG 
c m b 5 9 CACATTGGCCGAGGCTTATACCACGGATCATACCTCCTTAAAAAAACCTG 
c m c 7 1 a CACATCGGACGCGGGCTATACTACGGATCATACCTAAATGAAAATACATG 
c i a c 7 l b CACATCGCACGAGGCCTATACTACGGATCATACCTCAACAAAGAAACCTG 
c m d S l CACATCGGACGCGGGCTATACTACGGATCATACCTAAATGAAAATACATG 
c m d 8 2 CACATTGGCCGAGGCTTATACCACGGATCATACCTCCTTAAAAAAACCTG 
c m d 8 3 CACATTGGCCGAGGCTTATACCACGGATCATACCTCCTTAAAAAAACCTG 
C C O l CACATCGGACGAGGCCTATACTACGCCTCCTACTTACACGAAAACACATG 
C P O l CACATCGGACGTGGAGTATACTACGGGTCTTACCTAAATGAAAATACATG 
C S O l CACATCGGACGCGGGCTATACTACGGATCATACCTAAATGAAAATACATG 
V B O l CACATCGGCCGCGGCCTATACCATGGATCGTATCTTCTCAAAAAAACCTG 
V S O l CACATTGGCCGAGGCTTATACCACGGATCATACCTCCTTAAAAAAACCTG 
Alligator mississippiensis NC 0 0 1 9 2 2 CACATCGGACGAGGCCTATACTACACATCATATCTTCACGAAAGCACATG 
Alligator mississippiensis Y 1 3 1 1 3 CACATCGGACGAGGCCTATACTACACATCATATCTTCACGAAAGCACATG 
Alligator sinensis A F 5 1 1 5 0 7 CACATCGGACGAGGCCTATACTACGCATCCTACCTTCACGAGAGCACGTG 
Alligator sinensis NC 0 0 4 4 4 8 CACATCGGACGAGGCCTATACTACGCATCCTACCTTCACGAGAGCACGTG 
Caiman crocodllus A J 4 0 4 8 7 2 CATATCGGACGAGGCCTATACTACGCCTCCTACTTACACGAAAACACATG 
Caiman crocodllus NC 0 0 2 7 4 4 CATATCGGACGAGGCCTATACTACGCCTCCTACTTACACGAAAACACATG 
Crocodylus acutus A F 1 5 9 0 2 9 CACATTGGACGCGGAGTATACTACGGATCATACCTCAACGAAAATACATG 
Crocodylus acutus E U 0 3 4 5 8 2 CACATTGGACGCGGAGTATACTACGGATCATACCTCAACGAAAATACATG 
Crocodylus cataphractus A Y 2 3 9 1 6 1 CATATTGGACGAGGACTATACTACGGATCATACCTCAATGAAAACACATG 
Crocodylus Intermedlus A Y 2 3 9 1 6 0 CACATTGGACGCGGAGTATACTACGGATCATACCTCAACGAAAACACATG 
Crocodylus Intermedlus E U 0 3 4 5 8 1 CACATTGGACGCGGAGTATACTACGGATCATACCTCAACGAAAACACATG 
Crocodylus nlloticus A J 8 1 0 4 5 2 CACATTGGACGCGGAGTGTACTACGGATCATACCTCAACGAAAATACATG 
Crocodylus nlloticus NC 0 0 8 1 4 2 CACATTGGACGCGGAGTGTACTACGGATCATACCTCAACGAAAATACATG 
Crocodylus moreletil E U 0 3 4 5 8 4 CACATTGGACGCGGAGTATACTACGGATCATACCTCAATGAAAACACATG 
Crocodylus moreletil E U 0 3 4 5 8 5 CACATTGGACGCGGAGTATACTACGGATCATACCTCAATGAAAACACATG 
Crocodylus porosus A J 8 1 0 4 5 3 CACATCGGACGTGGAGTATACTACGGATCTTACCTAAATGAAAATACATG 
Crocodylus porosus NC 0 0 8 1 4 3 CACATCGGACGTGGAGTATACTACGGATCTTACCTAAATGAAAATACATG 
Crocodylus rhomblfer A Y 2 3 9 1 5 9 CACATTGGGCGCGGAGTATACTATGGATCATATCTCAATGAAAACACATG 
Crocodylus siamensis E F 5 8 1 8 5 9 CACATCGGACGCGGGCTATACTACGGATCATACCTAAATGAAAATACATG 
Python molurus A Y 0 9 9 9 8 3 CACATCGCACGAGGACTATACTACGGCTCCTATCTAAATAAAGAAACCTG 
Python molurus U 6 9 8 5 3 C A C A T C G C A C G A G G A C T A T A C T A C G G C T C C T A T C T A A A T A A A G A A A C C T G 
Python reglus A B 1 7 7 8 7 8 C A C A T C G C A C G A G G A T T A T A C T A C G G C T C C C A C C T C A A T A A A G A A A C C T G 
Python reglus A F 3 3 7 1 1 6 C A C A T C G C A C G A G G A T T A T A C T A C G G C T C C C A C C T C A A T A A A G A A A C C T G 
Python reticulatus A Y 0 1 4 8 9 6 C A C A T C G C A C G A G G C C T A T A C T A C G G A T C A T A C C T C A A C A A A G A A A C C T G 
Python reticulatus U 6 9 8 6 0 C A C A T C G C A C G A G G C C T A T A C T A C G G A T C A T A C C T C A A C A A A G A A A C C T G 
Python sebae U 6 9 8 6 3 C A C A T C G C A C G A G G C C T A T A C T A T G G A T C C T A T C T T A A C A A A G A A A C C T G 
Python timoriensis A F 2 4 1 3 9 8 C A C A T C G C A C G A G G C C T A T A C T A C G G A T C A T A T C T T A A C A A A G A A A C T T G 
Python timoriensis U 6 9 8 6 4 C A C A T C G C A C G A G G C C T A T A C T A C G G A T C A T A T C T T A A C A A A G A A A C T T G 
Varanus bengalensis E U 1 4 5 7 3 4 C A C A T C G G C C G C G G C C T A T A C C A T G G A T C G T A T C T T C T C A A A A A A A C C T G 
Varanus bengalensis E U 1 4 5 7 3 5 C A C A T C G G C C G C G G C C T A T A C C A T G G A T C G T A T C T T C T C A A A A A A A C C T G 
Varanus komodoensis A B 0 8 0 2 7 6 C A C A T T G G C C G C G G C A T T T A T C A C G G A T C A T A T C T T C T C A A A A A A A C C T G 
Varanus nilotlcus A B 1 8 5 3 2 7 C A T A T C G G C C G C G G C C T T T A C C A T G G A T C A T A T C T C C T C A A A A A A A C C T G 
Varanus salvator E U 1 4 5 7 3 7 CACATTGGCCGAGGCTTATACCACGGATCATACCTCCTTAAAAAAACCTG 
2 1 4 
Appendix 18. (continued) 
S a m p l e n a m e s ( C o d e s / A c c e s s i o n n o . ) 2 6 0 2 7 0 2 8 0 2 9 0 3 0 0 
——I——I——I——I——I——I——I——I——I——I 
c m a 3 1 A A A T A T T G G A G T A A T C A T A C T T C T A C T C C T A A T A G C C A C A G C A T T 
c m a 3 2 A A A C A T C G G A G T A C T A C T G C T A C T A C T A C T C A T A G C A A C T G C T T T 
c m a 3 3 A A A C A T C G G A G T A C T A C T G C T A C T A C T A C T C A T A G C A A C T G C T T T 
c m a 3 4 A A T A T C A G G C A T C A C C C T A C T C A T C A C A C T A A T A G C C A C C G C T T T 
c m a 3 5 A A T A T C A G G C A T C A C A C T C C T C A T T A C A C T A A T A G C G A C C G C T T T 
c m a 3 6 A T T C G C A G G C A C T T C A T T A C T T C T C C T A C T G A T G G C C A C A G C C T T 
c m a 3 7 A A A C A T C G G A G T A C T A C T G C T A C T A C T A C T C A T A G C A A C T G C T T T 
c m a 3 8 A T T C G C A G G C A C T T C A T T A C T T C T C C T A C T G A T G G C C A C A G C C T T 
c m a 3 9 A T T C G C A G G C A C T T C A T T A C T T C T C C T A C T G A T G G C C A C A G C C T T 
c m a 4 0 A A A C A T C G G A G T A C T A C T G C T A C T A C T A C T C A T A G C A A C T G C T T T 
c m a 4 1 A T T C G C A G G C A C T T C A T T A C T T C T C C T A C T G A T G G C C A C A G C C T T 
c m b S l A T T C G C A G G C A C T T C A T T A C T T C T C C T A C T G A T G G C C A C A G C C T T 
c n i b 5 2 A T T C G C A G G C A C T T C A T T A C T T C T C C T A C T G A T G G C C A C A G C C T T 
C i n b 5 3 A T T C G C A G G C A C T T C A T T A C T T C T C C T A C T G A T G G C C A C A G C C T T 
C i n b 5 4 A T T C G C A G G C A C T T C A T T A C T T C T C C T A C T G A T G G C C A C A G C C T T 
c m b S S A T T C G C A G G C A C T T C A T T A C T T C T C C T A C T G A T G G C C A C A G C C T T 
c m b S e A T T C G C A G G C A C T T C A T T A C T T C T C C T A C T G A T G G C C A C A G C C T T 
c m b 5 7 A A A C A T C G G A G T A C T A C T G C T A C T A C T A C T C A T A G C A A C T G C T T T 
c m b S S A T T C G C A G G C A C T T C A T T A C T T C T C C T A C T G A T G G C C A C A G C C T T 
C i t l b 5 9 A T T C G C A G G C A C T T C A T T A C T T C T C C T A C T G A T G G C C A C A G C C T T 
c m c 7 l a A A A C A T C G G A G T A C T A C T G C T A C T A C T A C T C A T A G C A A C T G C T T T 
c m c 7 1 b A A T A T C A G G C A T C A C C C T A C T C A T C A C A C T A A T A G C C A C C G C T T T 
c m d B l A A A C A T C G G A G T A C T A C T G C T A C T A C T A C T C A T A G C A A C T G C T T T 
c m d 8 2 A T T C G C A G G C A C T T C A T T A C T T C T C C T A C T G A T G G C C A C A G C C T T 
c m d 8 3 A T T C G C A G G C A C T T C A T T A C T T C T C C T A C T G A T G G C C A C A G C C T T 
C C O l A A A C G T T G G A G T A A T C A T A C T A T T C C T A C T A A T A G C C A C A G C T T T 
C P O l A A A C A T C G G A G T A T T A T T G T T A C T A C T A C T G A T A G C A A C T G C C T T 
C S O l A A A C A T C G G A G T A C T A C T G C T A C T A C T A C T C A T A G C A A C T G C T T T 
V B O l A T T C G C A G G C A C T T T A C T T C T C T T G A T A G - A A T A G C C A C A G C C T T 
V S O l A T T C G C A G G C A C T T C A T T A C T T C T C C T A C T G A T G G C C A C A G C C T T 
Alligator mississippiensls N C 0 0 1 9 2 2 A A A T A T T G G A G T A A T C A T A C T T C T A C T C C T A A T A G C C A C A G C A T T 
Alligator mississippiensls Y 1 3 1 1 3 A A A T A T T G G A G T A A T C A T A C T T C T A C T C C T A A T A G C C A C A G C A T T 
Alligator sinensis A F 5 1 1 5 0 7 A A A T G T C G G A G T A A T T A T A C T C C T A C T C C T G A T A G C C A C T G C A T T 
Alligator sinensis N C 0 0 4 4 4 8 A A A T G T C G G A G T A A T T A T A C T C C T A C T C C T G A T A G C C A C T G C A T T 
Caiman crocodllus A J 4 0 4 8 7 2 A A A C G T T G G A G T A A T C A T A C T A T T C C T A C T A A T A G C C A C A G C A T T 
Caiman crocodllus N C 0 0 2 7 4 4 A A A C G T T G G A G T A A T C A T A C T A T T C C T A C T A A T A G C C A C A G C A T T 
Crocodylus acutus A F 1 5 9 0 2 9 A A A C A T C G G A G T A C T G C T A C T A T T A C T A C T G A T A G C A A C T G C C T T 
Crocodylus acutus E U 0 3 4 5 8 2 A A A C A T C G G A G T A C T G C T A C T A T T A C T A C T G A T A G C A A C T G C C T T 
Crocodylus cataphractus A Y 2 3 9 1 6 1 A A A T A T C G G A G T A C T G C T A C T A T T A C T A C T A A T A G C A A C T G C C T T 
Crocodylus Intermedius A Y 2 3 9 1 6 0 A A A C A T C G G A G T A C T G C T A C T A T T A C T A C T G A T A G C A A C T G C C T T 
Crocodylus Intermedius E U 0 3 4 5 8 1 A A A C A T C G G A G T A C T G C T A C T A T T A C T A C T G A T A G C A A C T G C C T T 
Crocodylus niloticus A J 8 1 0 4 5 2 A A A C A T C G G A G T G C T A C T A C T G C T G C T A C T G A T A G C A A C T G C C T T 
Crocodylus niloticus N C 0 0 8 1 4 2 A A A C A T C G G A G T G C T A C T A C T G C T G C T A C T G A T A G C A A C T G C C T T 
Crocodylus moreletxx E U 0 3 4 5 8 4 A A A C A T C G G A G T A C T G C T A C T A T T A C T A C T G A T A G C A A C T G C C T T 
Crocodylus moreletii E U 0 3 4 5 8 5 A A A C A T C G G A G T A C T G C T A C T A T T A C T A C T G A T A G C A A C T G C C T T 
Crocodylus porosus A J 8 1 0 4 5 3 A A A C A T C G G A G T A T T A C T G C T A C T A C T A C T G A T A G C A A C T G C C T T 
Crocodylus porosus N C 0 0 8 1 4 3 A A A C A T C G G A G T A T T A C T G C T A C T A C T A C T G A T A G C A A C T G C C T T 
Crocodylus rhomblfer A Y 2 3 9 1 5 9 A A A C A T C G G A G T A C T G C T A C T G T T A C T A C T G A T A G C A A C T G C C T T 
Crocodylus slamensis E F 5 8 1 8 5 9 A A A C A T C G G A G T A C T A C T G C T A C T A C T A C T C A T A G C A A C T G C C T T 
Python molurus A Y 0 9 9 9 8 3 A A T A T C C G G A A T T A C A C T A C T C A T C A C A C T T A T G G C A A C C G C C T T 
Python molurus U 6 9 8 5 3 A A T A T C C G G A A T T A C A C T A C T C A T C A C A C T T A T G G C A A C C G C C T T 
Python regius A B 1 7 7 8 7 8 G G T A T C A G G T A T T A C A C T T C T C A T C A C A C T G A T G G C A A C C G C C T T 
Python regius A F 3 3 7 1 1 6 G G T A T C A G G T A T T A C A C T T C T C A T C A C A C T G A T G G C A A C C G C C T T 
Python reticulatus A Y 0 1 4 8 9 6 A A T A T C A G G C A T C A C C C T A C T C A T C A C A C T A A T A G C C A C C G C T T T 
Python reticulatus U 6 9 8 6 0 A A T A T C A G G C A T C A C C C T A C T C A T C A C A C T A A T A G C C A C C G C T T T 
Python sebae U 6 9 8 6 3 A A T A T C A G G T A T C A C A C T C C T C A T C A T C C T A A T A G C A A C C G C G T T 
Python timoriensls A F 2 4 1 3 9 8 A A T A T C A G G C A T C A C C C T A C T C A T C A C A T T A A T A G C T A C T G C T T T 
Python timoriensls U 6 9 8 6 4 A A T A T C A G G C A T C A C C C T A C T C A T C A C A T T A A T A G C T A C T G C T T T 
Varanus bengalensls E U 1 4 5 7 3 4 A T T C G C A G G C A C T T T T C T T C T C T T G A T A G T A A T A G C C A C A G C C T T 
Varanus bengalensls E U 1 4 5 7 3 5 A T T C G C A G G C A C T T T A C T T C T C T T G A T A G T A A T A G C C A C A G C C T T 
Varanus komodoensis A B 0 8 0 2 7 6 A T T T G C G G G C A C T T T A C T C C T C C T T C T A C T A A T A G C T A C A G C C T T 
Varanus nllotlcus A B 1 8 5 3 2 7 A T T T G C T G G C A C T C T A C T A C T C T T A A C A C T A A T A G C C A C A G C T T T 
Varanus salvator E U 1 4 5 7 3 7 ATTCGCAGGCACTTCATTACTTCTCCTACTGATGGCCACAGCCTT 
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Appendix 9. Sequence alignment of cytochrome 
oxidase subunit I gene region of crocodile 
meat samples and GenBank sequences 
S a m p l e n a m e s ( C o d e s / A c c e s s i o n n o . ) 1 0 2 0 3 0 4 0 5 0 
• … I . … I … • I … • I … . I … • I … • I • . . . I … • I • … I 
c m a 3 1 C C G G A A T G G T G G G A A C A G C A C T T A G C C T C C T T A T T C G G A C A G A A T T A A G C 
c m a 3 2 C C G G A A T A G T G G G C A C A G C C A T A A G C C T A T T A A T C C G A A C A G A A C T C A G C 
c m a 3 3 C C G G A A T A G T G G G C A C A G C C A T A A G C C T A T T A A T C C G A A C A G A A C T C A G C 
c m a 3 4 C C G G A T T A G T A G G T G C C T G C C T A A G C G T A C T T A T A C G A A T A G A A C T A A C A 
c m a 3 5 C C G G A C T A G T A G G T G C C T G C T T A A G C G T A C T A A T A C G A A T A G A G C T A A C A 
c m a 3 6 C C G G A A T A A T T G G A A C C G C C A T A A G C C T T C T T A T C C G A G C G G A A C T T A G C 
c m a 3 7 C C G G A A T A G T G G G C A C A G C C A T A A G C C T A T T A A T C C G A A C A G A A C T C A G C 
c m a 3 8 C C G G A A T A A T T G G A A C C G C C A T A A G C C T T C T T A T C C G A G C G G A A C T T A G C 
c m a 3 9 C C G G A A T A A T T G G A A C C G C C A T A A G C C T T C T T A T C C G A G C G G A A C T T A G C 
c m a 4 0 C C G G A A T A G T G G G C A C A G C C A T A A G C C T A T T A A T C C G A A C A G A A C T C A G C 
c m a 4 1 C C G G A A T A A T T G G A A C C G C C A T A A G C C T T C T T A T C C G A G C G G A A C T T A G C 
c m b S l CCGGAATAATTGGAACCGCCATAAGCCTTCTTATCCGAGCGGAACTTAGC 
C i n b 5 2 C C G G A A T A A T T G G A A C C G C C A T A A G C C T T C T T A T C C G A G C G G A A C T T A G C 
C i t i b 5 3 C C G G A A T A A T T G G A A C C G C C A T A A G C C T T C T T A T C C G A G C G G A A C T T A G C 
C i n b 5 4 C C G G A A T A A T T G G A A C C G C C A T A A G C C T T C T T A T C C G A G C G G A A C T T A G C 
c m b 5 5 C C G G A A T A A T T G G A A C C G C C A T A A G C C T T C T T A T C C G A G C G G A A C T T A G C 
c m b 5 6 C C G G A A T A A T T G G A A C C G C C A T A A G C C T T C T T A T C C G A G C G G A A C T T A G C 
C i n b 5 7 C C G G A A T A G T G G G C A C A G C C A T A A G C C T A T T A A T C C G A A C A G A A C T C A G C 
c m b S 8 C C G G A A T A A T T G G A A C C G C C A T A A G C C T T C T T A T C C G A G C G G A A C T T A G C 
c m b 5 9 C C G G A A T A A T T G G A A C C G C C A T A A G C C T T C T T A T C C G A G C G G A A C T T A G C 
c m c 7 l a C C G G A A T A G T G G G C A C A G C C A T A A G C C T A T T A A T C C G A A C A G A A C T C A G C 
c m c 7 l b C C G G A T T A G T A G G T G C C T G C C T A A G C G T A C T T A T A C G A A T A G A A C T A A C A 
c m d 8 1 C C G G A A T A G T G G G C A C A G C C A T A A G C C T A T T A A T C C G A A C A G A A C T C A G C 
c m d 8 2 C C G G A A T A A T T G G A A C C G C C A T A A G C C T T C T T A T C C G A G C G G A A C T T A G C 
c m d 8 3 C C G G A A T A A T T G G A A C C G C C A T A A G C C T T C T T A T C C G A G C G G A A C T T A G C 
C C O l C C G G G A T A G T A G G A A C A G C A C T T A G C C T C C T C A T C C G A A C A G A A C T A A G C 
C S O l C C G G A A T A G T G G G C A C A G C C A T A A G C C T A T T A A T C C G A A C A G A A C T C A G C 
C P O l C T G G A A A A G T A G G C A C A G C C A T A A G C C T A T T A A T T C G G A C A G A G C T C A G C 
V B O l C C G G A A T A A T T G G G A C C G C C A T A A G T C T T C T T A T T C G G G C A G A A C T T A G C 
V S O l C C G G A A T A A T T G G A A C C G C C A T A A G C C T T C T T A T C C G A G C G G A A C T T A G C 
Alligator sinensis A F 5 1 1 5 0 7 C C G G A A T A G T G G G A A C A G C A C T A A G C C T C C T T A T T C G A A C A G A A T T A A G C 
Alligator sinensis N C 0 0 4 4 4 8 C C G G A A T A G T G G G A A C A G C A C T A A G C C T C C T T A T T C G A A C A G A A T T A A G C 
Alligator mississippiensis N C 0 0 1 9 2 2 C C G G A A T G G T G G G A A C A G C A C T T A G C C T C C T T A T T C G G A C A G A A T T A A G C 
Alligator mississippiensis Y 1 3 1 1 3 C C G G A A T G G T G G G A A C A G C A C T T A G C C T C C T T A T T C G G A C A G A A T T A A G C 
Caiman crocodilus A J 4 0 4 8 7 2 C C G G A A T A G T A G G A A C A G C A C T T A G C C T C C T C A T C C G A A C A G A A C T A A G C 
Caiman crocodilus N C 0 0 2 7 4 4 C C G G A A T A G T A G G A A C A G C A C T T A G C C T C C T C A T C C G A A C A G A A C T A A G C 
Crocodylus niloticus A J 8 1 0 4 5 2 C C G G A A T A G T A G G C A C A G C C A T A A G C C T A T T A A T C C G A A C G G A G C T C A G C 
Crocodylus niloticus N C 0 0 8 1 4 2 C C G G A A T A G T A G G C A C A G C C A T A A G C C T A T T A A T C C G A A C G G A G C T C A G C 
Crocodylus siamensis E F 5 8 1 8 5 9 C C G G A A T A G T G G G C A C A G C C A T A A G C C T A T T A A T C C G A A C A G A A C T C A G C 
Crocodylus porosus A J 8 1 0 4 5 3 C T G G A A T A G T A G G C A C A G C C A T A A G C C T A T T A A T C C G G A C A G A G C T C A G C 
Crocodylus porosus N C 0 0 8 1 4 3 C T G G A A T A G T A G G C A C A G C C A T A A G C C T A T T A A T C C G G A C A G A G C T C A G C 
Python regius A B 1 7 7 8 7 8 C C G G A C T A G T A G G C G C C T G C T T A A G C G T A C T T A T A C G A A T A G A A C T A A C A 
Varanus komodoensis A B 0 8 0 2 7 5 C C G G A A T A A T C G G G A C T G C C A T A A G C C T C C T A A T T C G A G C T G A G C T A A G T 
I Varanus niloticus A B 1 8 5 3 2 7 CCGGAATAGTTGGAACCGCCATAAGCCTCCTAATTCGAGCTGAACTAAGC 
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Appendix 9. (continued) 
S a m p l e n a m e s ( C o d e s / A c c e s s i o n n o . ) 6 0 TO § 0 ^ l O O 
• . . . I … • I . … I … • I . . . . I . … I . . . . I . . . . I . . . . I . . . . I 
C A G C C C G G A C C T C T A T T A G G T G A T G A C C A A A T T T A T A A C G T A A T T G T C A C 
咖 a 3 2 C A G C C T G G C C C A T T C A T A G G A G A T G A C C A A A T T T A C A A T G T T A T C G T T A C 
C ® a 3 3 C A G C C T G G C C C A T T C A T A G G A G A T G A C C A A A T T T A C A A T G T T A T C G T T A C 
c m a 3 4 C A A C C A G G T T C C C T G T T C G G T A G C G A C C A A A T T T T T A A T G T A C T T G T A A C 
c m a 3 5 C A A C C A G G C T C A C T A C T A G G C A G C G A C C A A A T C T T T A A T G T G C T T G T A A C 
c m a 3 6 C A G C C C G G A A C C A T T C T C G G A A A T G A C C A A A T C T A T A A C G T T G T A G T A A C 
c m a 3 7 C A G C C T G G C C C A T T C A T A G G A G A T G A C C A A A T T T A C A A T G T T A T C G T T A C 
c m a 3 8 C A G C C C G G A A C C A T T C T C G G A A A T G A C C A A A T C T A T A A C G T T G T A G T A A C 
c m a 3 9 C A G C C C G G A A C C A T T C T C G G A A A T G A C C A A A T C T A T A A C G T T G T A G T A A C 
c m a 4 0 C A G C C T G G C C C A T T C A T A G G A G A T G A C C A A A T T T A C A A T G T T A T C G T T A C 
c m a 4 1 C A G C C C G G A A C C A T T C T C G G A A A T G A C C A A A T C T A T A A C G T T G T A G T A A C 
c m b S l C A G C C C G G A A C C A T T C T C G G A A A T G A C C A A A T C T A T A A C G T T G T A G T A A C 
c n i b 5 2 C A G C C C G G A A C C A T T C T C G G A A A T G A C C A A A T C T A T A A C G T T G T A G T A A C 
c n i b 5 3 C A G C C C G G A A C C A T T C T C G G A A A T G A C C A A A T C T A T A A C G T T G T A G T A A C 
c m b 5 4 C A G C C C G G A A C C A T T C T C G G A A A T G A C C A A A T C T A T A A C G T T G T A G T A A C 
c n i b 5 5 C A G C C C G G A A C C A T T C T C G G A A A T G A C C A A A T C T A T A A C G T T G T A G T A A C 
c n i b 5 6 C A G C C C G G A A C C A T T C T C G G A A A T G A C C A A A T C T A T A A C G T T G T A G T A A C 
c m b 5 7 C A G C C T G G C C C A T T C A T A G G A G A T G A C C A A A T T T A C A A T G T T A T C G T T A C 
c m b 5 8 C A G C C C G G A A C C A T T C T C G G A A A T G A C C A A A T C T A T A A C G T T G T A G T A A C 
c n i b 5 9 C A G C C C G G A A C C A T T C T C G G A A A T G A C C A A A T C T A T A A C G T T G T A G T A A C 
c m c 7 1 a C A G C C T G G C C C A T T C A T A G G A G A T G A C C A A A T T T A C A A T G T T A T C G T T A C 
c m c 7 1 b C A A C C A G G T T C C C T G T T C G G T A G C G A C C A A A T T T T T A A T G T A C T T G T A A C 
c m d 8 1 C A G C C T G G C C C A T T C A T A G G A G A T G A C C A A A T T T A C A A T G T T A T C G T T A C 
c m d 8 2 C A G C C C G G A A C C A T T C T C G G A A A T G A C C A A A T C T A T A A C G T T G T A G T A A C 
c m d 8 3 C A G C C C G G A A C C A T T C T C G G A A A T G A C C A A A T C T A T A A C G T T G T A G T A A C 
C C O l C A G N C C G G A C C C C T C C T G G G A G A C G A C C A A A T C T A C A A C G T A A T T G T T A C 
C S O l C A G C C T G G C C C A T T C A T A G G A G A T G A C C A A A T T T A C A A T G T T A T C G T T A C 
C P O l C A G C C T G G T C C A T T C A T A G G G G A T G A C C A A A T T T A T A A T G T C A T T G T C A C 
V B O l C A G C C C G G A A C C A T T C T A G G A A A T G A C C A A A T T T A T A A T G T T G T A G T G A C 
V S O l C A G C C C G G A A C C A T T C T C G G A A A T G A C C A A A T C T A T A A C G T T G T A G T A A C 
Alligator sinensis A F 5 1 1 5 0 7 C A G C C A G G G C C C C T C C T A G G A G A C G A C C A A A T C T A C A A C G T A A T T G T C A C 
Alligator sinensis N C 0 0 4 4 4 8 C A G C C A G G G C C C C T C C T A G G A G A C G A C C A A A T C T A C A A C G T A A T T G T C A C 
Alligator mississippiensis N C 0 0 1 9 2 2 C A G C C C G G A C C T C T A T T A G G T G A T G A C C A A A T T T A T A A C G T A A T T G T C A C 
Alligator mlssissipplsnsis Y 1 3 1 1 3 C A G C C C G G A C C T C T A T T A G G T G A T G A C C A A A T T T A T A A C G T A A T T G T C A C 
Caiman crocodllus A J 4 0 4 8 7 2 C A G C C C G G A C C C C T C C T G G G A G A C G A C C A A A T C T A C A A C G T A A T T G T T A C 
Caiman crocodllus N C 0 0 2 7 4 4 C A G C C C G G A C C C C T C C T G G G A G A C G A C C A A A T C T A C A A C G T A A T T G T T A C 
Crocodylus nlloticus A J 8 1 0 4 5 2 C A G C C A G G C C C C T T C A T A G G A G A T G A C C A A A T T T A C A A T G T T A T T G T T A C 
Crocodylus nilotlcus N C 0 0 8 1 4 2 C A G C C A G G C C C C T T C A T A G G A G A T G A C C A A A T T T A C A A T G T T A T T G T T A C 
Crocodylus siamensis E F 5 8 1 8 5 9 C A G C C T G G C C C A T T C A T A G G A G A T G A C C A A A T T T A C A A T G T T A T C G T T A C 
Crocodylus porosus A J 8 1 0 4 5 3 C A G C C T G G T C C A T T C A T A G G G G A T G A C C A A A T T T A T A A T G T T A T T G T C A C 
Crocodylus porosus N C 0 0 8 1 4 3 C A G C C T G G T C C A T T C A T A G G G G A T G A C C A A A T T T A T A A T G T T A T T G T C A C 
Python reglus A B 1 7 7 8 7 8 C A A C C C G G A T C G C T A T T T G G C A G T G A C C A A A T T T T C A A C G T T C T C G T A A C 
Varanus komodoensls A B 0 8 0 2 7 5 C A G C C C G G A A C T A T T C T C G G A A A C G A C C A G A T C T A T A A T G T C A T T G T A A C 
Varanus nlloticus A B 1 8 5 3 2 7 CAACCCGGCACTATCCTCGGAAATGACCAAATCTATAACGTCATCGTAAC 
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Appendix 9. (continued) 
S a m p l e n a m e s ( C o d e s / A c c e s s i o n n o . ) 1 1 0 1 2 0 1 3 0 1 4 0 1 5 0 
. . . •丨….I … . I . . . . I . . . . I … . I . . . . I . . . . I . . . . I . . . . I 
C G C C C A T G C C T T C A T T A T A A T C T T T T T T A T A G T A A T A C C A A T T A T A A T T G 
c n i a 3 2 A G C A C A T G C C T T T A T C A T A A T C T T C T T T A T A G T T A T A C C A A T C A T G A T C G 
c m a 3 3 A G C A C A T G C C T T T A T C A T A A T C T T C T T T A T A G T T A T A C C A A T C A T G A T C G 
c m a 3 4 A G C C C A T G C A T T C G T A A T A A T C T T C T T C A T A G T T A T A C C A A T T A T A A T C G 
c m a 3 5 A G C C C A C G C A T T T G T A A T A A T T T T C T T T A T A G T C A T A C C T A T C A T A A T T G 
c m a 3 6 C G C A C A C G C G C T C G T C A T A A T C T T C T T T A T A G T T A T G C C A A T C A T A A T C G 
c m a 3 7 A G C A C A T G C C T T T A T C A T A A T C T T C T T T A T A G T T A T A C C A A T C A T G A T C G 
c m a 3 8 C G C A C A C G C G C T C G T C A T A A T C T T C T T T A T A G T T A T G C C A A T C A T A A T C G 
c m a 3 9 C G C A C A C G C G C T C G T C A T A A T C T T C T T T A T A G T T A T G C C A A T C A T A A T C G 
c m a 4 0 A G C A C A T G C C T T T A T C A T A A T C T T C T T T A T A G T T A T A C C A A T C A T G A T C G 
c m a 4 1 C G C A C A C G C G C T C G T C A T A A T C T T C T T T A T A G T T A T G C C A A T C A T A A T C G 
c m b S l C G C A C A C G C G C T C G T C A T A A T C T T C T T T A T A G T T A T G C C A A T C A T A A T C G 
c m b 5 2 C G C A C A C G C G C T C G T C A T A A T C T T C T T T A T A G T T A T G C C A A T C A T A A T C G 
C i n b 5 3 C G C A C A C G C G C T C G T C A T A A T C T T C T T T A T A G T T A T G C C A A T C A T A A T C G 
C i n b 5 4 C G C A C A C G C G C T C G T C A T A A T C T T C T T T A T A G T T A T G C C A A T C A T A A T C G 
c m b S S C G C A C A C G C G C T C G T C A T A A T C T T C T T T A T A G T T A T G C C A A T C A T A A T C G 
c m b S 6 C G C A C A C G C G C T C G T C A T A A T C T T C T T T A T A G T T A T G C C A A T C A T A A T C G 
c m b 5 7 A G C A C A T G C C T T T A T C A T A A T C T T C T T T A T A G T T A T A C C A A T C A T G A T C G 
c m b S S C G C A C A C G C G C T C G T C A T A A T C T T C T T T A T A G T T A T G C C A A T C A T A A T C G 
c m b 5 9 C G C A C A C G C G C T C G T C A T A A T C T T C T T T A T A G T T A T G C C A A T C A T A A T C G 
c m c V l a A G C A C A T G C C T T T A T C A T A A T C T T C T T T A T A G T T A T A C C A A T C A T G A T C G 
c m c 7 l b A G C C C A T G C A T T C G T A A T A A T C T T C T T C A T A G T T A T A C C A A T T A T A A T C G 
c m d 8 1 A G C A C A T G C C T T T A T C A T A A T C T T C T T T A T A G T T A T A C C A A T C A T G A T C G 
c m d 8 2 C G C A C A C G C G C T C G T C A T A A T C T T C T T T A T A G T T A T G C C A A T C A T A A T C G 
c m d 8 3 C G C A C A C G C G C T C G T C A T A A T C T T C T T T A T A G T T A T G C C A A T C A T A A T C G 
C C O l C G C C C A C G C T T T C A T T A T A A T C T T T T T T A T A G T A A T A C C C G T C A T G A T C G 
C S O l A G C A C A T G C C T T T A T C A T A A T C T T C T T T A T A G T T A T A C C A A T C A T G A T C G 
C P O l A G C A C A T G C C T T T A T C A T A A T T T T C T T T A T A G T T A T A C C G A T C A T G A T C G 
V B O l C G C A C A T G C A C T C A T T A T A A T T T T C T T T A T A G T T A T G C C A A T T A T A A T T G 
V S O l C G C A C A C G C G C T C G T C A T A A T C T T C T T T A T A G T T A T G C C A A T C A T A A T C G 
Alligator sinensis A F 5 1 1 5 0 7 C G C C C A T G C C T T T A T T A T A A T C T T T T T C A T A G T A A T A C C C A T C A T G A T C G 
Alligator sinensis N C 0 0 4 4 4 8 C G C C C A T G C C T T T A T T A T A A T C T T T T T C A T A G T A A T A C C C A T C A T G A T C G 
Alligator zn±ss±ssipp±ens±s N C 0 0 1 9 2 2 C G C C C A T G C C T T C A T T A T A A T C T T T T T T A T A G T A A T A C C A A T T A T A A T T G 
Alligator mississippiensis Y 1 3 1 1 3 C G C C C A T G C C T T C A T T A T A A T C T T T T T T A T A G T A A T A C C A A T T A T A A T T G 
Caiman crocodilus A J 4 0 4 8 7 2 C G C C C A C G C T T T C A T T A T A A T C T T T T T T A T A G T A A T A C C C G T C A T G A T C G 
Caiman crocodilus N C 0 0 2 7 4 4 C G C C C A C G C T T T C A T T A T A A T C T T T T T T A T A G T A A T A C C C G T C A T G A T C G 
Crocodylus niloticus A J 8 1 0 4 5 2 A G C A C A T G C C T T T A T C A T A A T T T T C T T T A T A G T T A T A C C A A T T A T G A T C G 
Crocodylus niloticus N C 0 0 8 1 4 2 A G C A C A T G C C T T T A T C A T A A T T T T C T T T A T A G T T A T A C C A A T T A T G A T C G 
Crocodylus siamensis E F 5 8 1 8 5 9 A G C A C A T G C C T T T A T C A T A A T C T T C T T T A T A G T T A T A C C A A T C A T G A T C G 
Crocodylus porosus A J 8 1 0 4 5 3 A G C A C A T G C C T T T A T C A T A A T T T T C T T T A T A G T T A T A C C G A T C A T G A T C G 
Crocodylus porosus N C 0 0 8 1 4 3 A G C A C A T G C C T T T A T C A T A A T T T T C T T T A T A G T T A T A C C G A T C A T G A T C G 
Python regius A B 1 7 7 8 7 8 A G C C C A C G C A T T C G T A A T A A T C T T C T T T A T A G T A A T A C C C A T T A T A A T C G 
Varanus komodoensis A B 0 8 0 2 7 5 C G C A C A C G C A C T T G T C A T A A T T T T C T T C A T G G T C A T A C C T A T T A T A A T T G 
Varanus niloticus A B 1 8 5 3 2 7 CGCACACGCATTAGTCATAATTTTCTTCATAGTTATACCAATCATAATCG 
2 1 8 
Appendix 9. (continued) 
S a m p l e n a m e s ( C o d e s / A c c e s s i o n n o . ) 1 6 0 1 7 0 
• … I . . . • I • … I • . . . I • . . . I • … I . . . • I . . . . I . . . . I … . I 
c m a 3 1 G A G G G T T T G G A A A C T G G C T A T T A C C C C T A A T A A T C G G A G C C C C A G A C A T G 
c m a 3 2 G C G G A T T T G G A A A C T G A C T A C T T C C A T T A A T A A T T G G A G C A C C C G A C A T A 
c m a 3 3 G C G G A T T T G G A A A C T G A C T A C T T C C A T T A A T A A T T G G A G C A C C C G A C A T A 
c m a 3 4 G A G G C T T C G G A A A C T G A C T C A T C C C A C T A A T A A T T G G T G C A C C A G A C A T A 
c m a 3 5 G A G G C T T C G G A A A C T G A C T A A T C C C C C T A A T A A T C G G A G C A C C A G A C A T A 
c m a 3 6 G G G G C T T T G G A A A C T G G C T A G T T C C C C T A A T A A T T G G T G C C C C A G A C A T G 
c n i a 3 7 G C G G A T T T G G A A A C T G A C T A C T T C C A T T A A T A A T T G G A G C A C C C G A C A T A 
c m a 3 8 G G G G C T T T G G A A A C T G G C T A G T T C C C C T A A T A A T T G G T G C C C C A G A C A T G 
c m a 3 9 G G G G C T T T G G A A A C T G G C T A G T T C C C C T A A T A A T T G G T G C C C C A G A C A T G 
c m a 4 0 G C G G A T T T G G A A A C T G A C T A C T T C C A T T A A T A A T T G G A G C A C C C G A C A T A 
c m a 4 1 G G G G C T T T G G A A A C T G G C T A G T T C C C C T A A T A A T T G G T G C C C C A G A C A T G 
c m b S l G G G G C T T T G G A A A C T G G C T A G T T C C C C T A A T A A T T G G T G C C C C A G A C A T G 
C i n b 5 2 G G G G C T T T G G A A A C T G G C T A G T T C C C C T A A T A A T T G G T G C C C C A G A C A T G 
c n i b 5 3 G G G G C T T T G G A A A C T G G C T A G T T C C C C T A A T A A T T G G T G C C C C A G A C A T G 
c m b 5 4 G G G G C T T T G G A A A C T G G C T A G T T C C C C T A A T A A T T G G T G C C C C A G A C A T G 
c m b S S G G G G C T T T G G A A A C T G G C T A G T T C C C C T A A T A A T T G G T G C C C C A G A C A T G 
c m b S 6 G G G G C T T T G G A A A C T G G C T A G T T C C C C T A A T A A T T G G T G C C C C A G A C A T G 
c m b 5 7 G C G G A T T T G G A A A C T G A C T A C T T C C A T T A A T A A T T G G A G C A C C C G A C A T A 
c m b S S G G G G C T T T G G A A A C T G G C T A G T T C C C C T A A T A A T T G G T G C C C C A G A C A T G 
c n i b 5 9 G G G G C T T T G G A A A C T G G C T A G T T C C C C T A A T A A T T G G T G C C C C A G A C A T G 
c m c 7 1 a G C G G A T T T G G A A A C T G A C T A C T T C C A T T A A T A A T T G G A G C A C C C G A C A T A 
c m c 7 1 b G A G G C T T C G G A A A C T G A C T C A T C C C A C T A A T A A T T G G T G C A C C A G A C A T A 
c m d 8 1 G C G G A T T T G G A A A C T G A C T A C T T C C A T T A A T A A T T G G A G C A C C C G A C A T A 
c m d 8 2 G G G G C T T T G G A A A C T G G C T A G T T C C C C T A A T A A T T G G T G C C C C A G A C A T G 
c m d 8 3 G G G G C T T T G G A A A C T G G C T A G T T C C C C T A A T A A T T G G T G C C C C A G A C A T G 
C C O l G C G G A T T T G G A A A C T G A C T C C T C C C C T T A A T A A T T G G A G C C C C A G A C A T G 
C S O l G C G G A T T T G G A A A C T G A C T A C T T C C A T T A A T A A T T G G A G C A C C C G A C A T A 
C P O l G C G G A T T T G G A A A T T G G C T A C T C C C A C T A A T A A T C G G A G C A C C C G A C A T A 
V B O l G G G G A T T T G G A A A C T G A T T A G T C C C C C T A A T A A T T G G C G C T C C A G A T A T A 
V S O l G G G G C T T T G G A A A C T G G C T A G T T C C C C T A A T A A T T G G T G C C C C A G A C A T G 
Alligator sinensis A F 5 1 1 5 0 7 G C G G A T T T G G A A A C T G A C T A C T A C C C C T G A T A A T C G G A G C C C C A G A T A T A 
Alligator sinensis N C 0 0 4 4 4 8 G C G G A T T T G G A A A C T G A C T A C T A C C C C T G A T A A T C G G A G C C C C A G A T A T A 
Alligator mississippiensis NC 0 0 1 9 2 2 GAGGGTTTGGAAACTGGCTATTACCCCTAATAATCGGAGCCCCAGACATG 
Alligator mississippiensis Y 1 3 1 1 3 G A G G G T T T G G A A A C T G G C T A T T A C C C C T A A T A A T C G G A G C C C C A G A C A T G 
Caiman crocodilus A J 4 0 4 8 7 2 G C G G A T T T G G A A A C T G A C T C C T C C C C T T A A T A A T T G G A G C C C C A G A C A T G 
Caiman crocodilus N C 0 0 2 7 4 4 G C G G A T T T G G A A A C T G A C T C C T C C C C T T A A T A A T T G G A G C C C C A G A C A T G 
Crocodylus nllotlcus A J 8 1 0 4 5 2 G A G G A T T T G G A A A T T G A C T A C T C C C A T T A A T A A T T G G A G C A C C C G A C A T A 
Crocodylus nllotlcus N C 0 0 8 1 4 2 G A G G A T T T G G A A A T T G A C T A C T C C C A T T A A T A A T T G G A G C A C C C G A C A T A 
Crocodylus siamensis E F 5 8 1 8 5 9 G C G G A T T T G G A A A C T G A C T A C T T C C A T T A A T A A T T G G A G C A C C C G A C A T A 
Crocodylus porosus A J 8 1 0 4 5 3 G C G G A T T T G G A A A T T G G C T A C T C C C A C T A A T A A T T G G A G C A C C C G A C A T A 
Crocodylus porosus N C 0 0 8 1 4 3 G C G G A T T T G G A A A T T G G C T A C T C C C A C T A A T A A T T G G A G C A C C C G A C A T A 
Python regius A B 1 7 7 8 7 8 G A G G C T T T G G A A A C T G A C T T A T C C C A C T A A T A A T C G G G G C A C C C G A C A T A 
Varanus komodoensis A B 0 8 0 2 7 5 G A G G T T T C G G A A A C T G A C T A G T T C C C C T A A T G A T T G G C G C C C C A G A C A T A 
Varanus nllotlcus A B 1 8 5 3 2 7 GCGGGTTCGGAAATTGATTAGTGCCATTAATAATTGGCGCCCCGGACATA 
2 1 9 
Appendix 9. (continued) 
S a m p l e n a m e s ( C o d e s / A c c e s s i o n n o . ) 2 1 0 230 2 4 0 
. . . • • . . • • I . . . - I . - . . I . . . . I . . . . I . . . . I . . . . I . . . . I . . . . I 
° 贴 G C A T T C C C C C G A A T A A A C A A C A T A A G T T T C T G A T T A C T C C C C C C A T C T T T 
° 贴 3 2 GCATTCCCTCGCATAAACAACATAAGCTTCTGATTACTCCCCCCATCATT 
C 贴 3 3 GCATTCCCTCGCATAAACAACATAAGCTTCTGATTACTCCCCCCATCATT 
咖 A 3 4 GCATTTCCACGAATAAACAACATAAGCTTTTGATTACTACCACCAGCATT 
° 贴 3 5 GCATTCCCACGAATAAATAACATAAGTTTTTGACTTCTTCCACCAGCGCT 
C 贴 3 6 GCCTTTCCACGAATGAACAACATAAGTTTCTGACTCCTCCCCCCTTCACT 
C 贴 3 7 GCATTCCCTCGCATAAACAACATAAGCTTCTGATTACTCCCCCCATCATT 
C 脑 3 8 GCCTTTCCACGAATGAACAACATAAGTTTCTGACTCCTCCCCCCTTCACT 
CMA39 GCCTTTCCACGAATGAACAACATAAGTTTCTGACTCCTCCCCCCTTCACT 
° 贴 4 0 GCATTCCCTCGCATAAACAACATAAGCTTCTGATTACTCCCCCCATCATT 










c m c V I a G C A T T C C C T C G C A T A A A C A A C A T A A G C T T C T G A T T A C T C C C C C C A T C A T T 
c m c V l b G C A T T T C C A C G A A T A A A C A A C A T A A G C T T T T G A T T A C T A C C A C C A G C A T T 
GCATTCCCTCGCATAAACAACATAAGCTTCTGATTACTCCCCCCATCATT 
c m d 8 2 G C C T T T C C A C G A A T G A A C A A C A T A A G T T T C T G A C T C C T C C C C C C T T C A C T 
c m c i 8 3 G C C T T T C C A C G A A T G A A C A A C A T A A G T T T C T G A C T C C T C C C C C C T T C A C T 
C C O l G C A T T C C C A C G A A T A A A T A A C A T A A G C T T C T G A C T T C T A C C C C C A T C T T T 
C S O l G C A T T C C C T C G C A T A A A C A A C A T A A G C T T C T G A T T A C T C C C C C C A T C A T T 
C P O l G C A T T T C C A C G C A T A A A C A A C A T A A G C T T C T G A C T G C T A C C C C C A T C A T T 
卯 0 1 G C C T T T C C A C G A A T A A A T A A T A T A A G T T T C T G A C T T C T C C C T C C C T C C C T 
V S O l G C C T T T C C A C G A A T G A A C A A C A T A A G T T T C T G A C T C C T C C C C C C T T C A C T 
Alligator sinensis A F 5 1 1 5 0 7 GCATTCCCCCGAATAAACAACATAAGCTTTTGATTGCTCCCCCCATCCTT 
Alligator sinensis N C 0 0 4 4 4 8 G C A T T C C C C C G A A T A A A C A A C A T A A G C T T T T G A T T G C T C C C C C C A T C C T T 
Alligator mississippiensis N C 0 0 1 9 2 2 G C A T T C C C C C G A A T A A A C A A C A T A A G T T T C T G A T T A C T C C C C C C A T C T T T 
Alligator mississippiensis Y 1 3 1 1 3 GCATTCCCCCGAATAAACAACATZ^GTTTCTGATTACTCCCCCCATCTTT 
Caiman crocodilus A J 4 0 4 8 7 2 G C A T T C C C A C G A A T A A A T A A C A T A A G C T T C T G A C T T C T A C C C C C A T C T T T 
Caiman crocodilus N C 0 0 2 7 4 4 G C A T T C C C A C G A A T A A A T A A C A T A A G C T T C T G A C T T C T A C C C C C A T C T T T 
Crocodylus niloticus A J 8 1 0 4 5 2 G C A T T C C C T C G C A T A A A C A A C A T A A G C T T C T G A T T G C T A C C C C C A T C A T T 
Crocodylus niloticus N C 0 0 8 1 4 2 G C A T T C C C T C G C A T A A A C A A C A T A A G C T T C T G A T T G C T A C C C C C A T C A T T 
Crocodylus siamensis E F 5 8 1 8 5 9 GCATTCCCTCGCATAAACAACATAAGCTTCTGATTACTCCCCCCATCATT 
Crocodylus porosus A J 8 1 0 4 5 3 G C A T T T C C A C G C A T A A A C A A C A T A A G C T T C T G A C T G C T A C C C C C A T C A T T 
Crocodylus porosus NC 0 0 8 1 4 3 GCATTTCCACGCATAAACAACATAAGCTTCTGACTGCTACCCCCATCATT 
Python regius A B 1 7 7 8 7 8 GCATTCCCACGAATAAATAATATAAGCTTTTGACTCCTTCCCCCAGCACT 
Varanus komodoensis A B 0 8 0 2 7 5 G C C T T C C C A C G G A T A A A T A A T A T G A G C T T C T G A C T T C T T C C C C C A T C C C T 
Varanus niloticus A B 1 8 5 3 2 7 G C C T T C C C A C G A A T A A A T A A C A T A A G C T T T T G G C T C C T T C C T C C T T C C C T 
2 2 0 
Appendix 9. (continued) 
S a m p l e n a m e s ( C o d e s / A c c e s s i o n n o . ) 2 6 0 2 7 0 2 8 0 2 9 0 3 0 0 
——I——I——I——I——I——I——I——I——I——I 
c m a 3 1 C A C A C T A C T A C T C T C C T C A G C C T G C A T C G A A G C A G G T G C T G G A A C A G G G T 
c m a 3 2 C A C C C T A C T T C T C T T T T C C G C C T T C A T T G A A A C C G G A G C T G G T A C T G G A T 
c m a 3 3 C A C C C T A C T T C T C T T T T C C G C C T T C A T T G A A A C C G G A G C T G G T A C T G G A T 
c m a 3 4 A C T A C T C C T T C T A T C C T C C T C T T A T G T T G A A G C C G G T G C C G G C A C C G G C T 
c m a 3 5 A C T T C T T C T C C T A T C C T C C T C A T A C G T A G A A G C A G G T G C T G G T A C C G G T T 
c m a 3 6 A C T C C T T C T C C T T G C C T C A G C C T G A G T C G A A A C T G G C T C T G G A A C A G G A T 
c m a 3 7 C A C C C T A C T T C T C T T T T C C G C C T T C A T T G A A A C C G G A G C T G G T A C T G G A T 
c m a 3 8 A C T C C T T C T C C T T G C C T C A G C C T G A G T C G A A A C T G G C T C T G G A A C A G G A T 
c m a 3 9 A C T C C T T C T C C T T G C C T C A G C C T G A G T C G A A A C T G G C T C T G G A A C A G G A T 
c m a 4 0 C A C C C T A C T T C T C T T T T C C G C C T T C A T T G A A A C C G G A G C T G G T A C T G G A T 
c m a 4 1 A C T C C T T C T C C T T G C C T C A G C C T G A G T C G A A A C T G G C T C T G G A A C A G G A T 
c m b S l A C T C C T T C T C C T T G C C T C A G C C T G A G T C G A A A C T G G C T C T G G A A C A G G A T 
c m b 5 2 A C T C C T T C T C C T T G C C T C A G C C T G A G T C G A A A C T G G C T C T G G A A C A G G A T 
C i n b 5 3 A C T C C T T C T C C T T G C C T C A G C C T G A G T C G A A A C T G G C T C T G G A A C A G G A T 
C i n b 5 4 A C T C C T T C T C C T T G C C T C A G C C T G A G T C G A A A C T G G C T C T G G A A C A G G A T 
c m b S S A C T C C T T C T C C T T G C C T C A G C C T G A G T C G A A A C T G G C T C T G G A A C A G G A T 
c m b S e A C T C C T T C T C C T T G C C T C A G C C T G A G T C G A A A C T G G C T C T G G A A C A G G A T 
C i n b 5 7 C A C C C T A C T T C T C T T T T C C G C C T T C A T T G A A A C C G G A G C T G G T A C T G G A T 
c m b S S A C T C C T T C T C C T T G C C T C A G C C T G A G T C G A A A C T G G C T C T G G A A C A G G A T 
C i n b 5 9 A C T C C T T C T C C T T G C C T C A G C C T G A G T C G A A A C T G G C T C T G G A A C A G G A T 
c m c 7 1 a CACCCTACTTCTCTTTTCCGCCTTCATTGAAACCGGAGCTGGTACTGGAT 
c m c 7 l b ACTACTCCTTCTATCCTCCTCTTATGTTGAAGCCGGTGCCGGCACCGGCT 
c m d S l C A C C C T A C T T C T C T T T T C C G C C T T C A T T G A A A C C G G A G C T G G T A C T G G A T 
c m d 8 2 A C T C C T T C T C C T T G C C T C A G C C T G A G T C G A A A C T G G C T C T G G A A C A G G A T 
c m d 8 3 ACTCCTTCTCCTTGCCTCAGCCTGAGTCGAAACTGGCTCTGGAACAGGAT 
C C O l C A C A C T A C T G C T T G C C T C C T C T T G C A T T G A A G C A G G A G C T G G A A C A G G A T 
C S O l C A C C C T A C T T C T C T T T T C C G C C T T C A T T G A A A C C G G A G C T G G T A C T G G A T 
C P O l T A C C C T A C T T C T C T C C T C A G C C T T T A T T G A A A C T G G A G C T G G C A C C G G A T 
V B O l T C T C C T T C T A T T A G C T T C A G C C T G A G T C G A A A C T G G C T C C G G A A C A G G A T 
V S O l A C T C C T T C T C C T T G C C T C A G C C T G A G T C G A A A C T G G C T C T G G A A C A G G A T 
Alligator sinensis A F 5 1 1 5 0 7 CATACTTCTACTCTCCTCCGCCTGCGTCGAGGCGGGGGCCGGAACAGGGT 
Alligator sinensis N C 0 0 4 4 4 8 C A T A C T T C T A C T C T C C T C C G C C T G C G T C G A G G C G G G G G C C G G A A C A G G G T 
Alligator mississippiensis N C 0 0 1 9 2 2 C A C A C T A C T A C T C T C C T C A G C C T G C A T C G A A G C A G G T G C T G G A A C A G G G T 
Alligator mississippiensis Y 1 3 1 1 3 C A C A C T A C T A C T C T C C T C A G C C T G C A T C G A A G C A G G T G C T G G A A C A G G G T 
Caiman crocodilus A J 4 0 4 8 7 2 C A C A C T A C T G C T T G C C T C C T C T T G C A T T G A A G C A G G A G C T G G A A C A G G A T 
Caiiaan crocodilus N C 0 0 2 7 4 4 C A C A C T A C T G C T T G C C T C C T C T T G C A T T G A A G C A G G A G C T G G A A C A G G A T 
Crocodylus niloticus A J 8 1 0 4 5 2 TACCCTACTTCTCTTTTCCGCCTTTATTGAAACCGGGGCTGGCACCGGAT 
Crocodylus niloticus N C 0 0 8 1 4 2 T A C C C T A C T T C T C T T T T C C G C C T T T A T T G A A A C C G G G G C T G G C A C C G G A T 
Crocodylus siamensis E F 5 8 1 8 5 9 C A C C C T A C T T C T C T T T T C C G C C T T C A T T G A A A C C G G A G C T G G T A C T G G A T 
Crocodylus porosus A J 8 1 0 4 5 3 T A C C C T A C T T C T C T C T T C A G C C T T T A T T G A A A C T G G A G C T G G C A C C G G A T 
Crocodylus porosus N C 0 0 8 1 4 3 T A C C C T A C T T C T C T C T T C A G C C T T T A T T G A A A C T G G A G C T G G C A C C G G A T 
Python regius A B 1 7 7 8 7 8 A C T T C T C C T A C T A T C T T C T T C A T A T G T G G A A G C A G G C G C A G G A A C C G G C T 
Varanus komodoensis A B 0 8 0 2 7 5 C C T T C T A C T T T T A G C C T C A G C C T G A G T A G A A G C T G G G T C A G G G A C A G G A T 
Varanus niloticus A B 1 8 5 3 2 7 C C T T C T C C T T A T A G C C T C A G C C T G G A C A G A T A G C G G C T C A G G A A C A G G A T 
2 2 1 
Appendix 9. (continued) 
S a m p l e n a m e s ( C o d e s / A c c e s s i o n n o . ) 3 1 0 
• … I . … I . . . . I • … I … • I • … I . . . . I . . . . I . . . . I . . . . I 
c m a 3 1 G A A C C G T C T A C C C T C C C C T A G C C G G A A A C C T A G C C C A C G C C G G G C C A T C C 
c m a 3 2 G A A C A G T C T A T C C A C C C C T G G C T G G A A A C C T A G C C C A C G C C G G A C C A T C A 
c m a 3 3 G A A C A G T C T A T C C A C C C C T G G C T G G A A A C C T A G C C C A C G C C G G A C C A T C A 
c m a 3 4 G A A C A G T G T A T C C A C C A C T A T C G G G C A A C A T A G T C C A C T C A G G C C C A T C A 
c m a 3 5 G A A C G G T T T A C C C C C C A C T A T C A G G T A A C A T A G T A C A C T C C G G C C C C T C T 
c m a 3 6 G A A C C G T A T A T C C A C C C C T C G C A G G A A A T A T G G C C C A C G C C G G G G C A T C A 
c m a 3 7 G A A C A G T C T A T C C A C C C C T G G C T G G A A A C C T A G C C C A C G C C G G A C C A T C A 
c m a 3 8 G A A C C G T A T A T C C A C C C C T C G C A G G A A A T A T G G C C C A C G C C G G G G C A T C A 
c m a 3 9 G A A C C G T A T A T C C A C C C C T C G C A G G A A A T A T G G C C C A C G C C G G G G C A T C A 
c m a 4 0 G A A C A G T C T A T C C A C C C C T G G C T G G A A A C C T A G C C C A C G C C G G A C C A T C A 
c m a 4 1 G A A C C G T A T A T C C A C C C C T C G C A G G A A A T A T G G C C C A C G C C G G G G C A T C A 
c m b S l G A A C C G T A T A T C C A C C C C T C G C A G G A A A T A T G G C C C A C G C C G G G G C A T C A 
c n i b 5 2 G A A C C G T A T A T C C A C C C C T C G C A G G A A A T A T G G C C C A C G C C G G G G C A T C A 
c r o b 5 3 G A A C C G T A T A T C C A C C C C T C G C A G G A A A T A T G G C C C A C G C C G G G G C A T C A 
c n i b 5 4 G A A C C G T A T A T C C A C C C C T C G C A G G A A A T A T G G C C C A C G C C G G G G C A T C A 
c m b 5 5 G A A C C G T A T A T C C A C C C C T C G C A G G A A A T A T G G C C C A C G C C G G G G C A T C A 
c m b S 6 G A A C C G T A T A T C C A C C C C T C G C A G G A A A T A T G G C C C A C G C C G G G G C A T C A 
c m b S V G A A C A G T C T A T C C A C C C C T G G C T G G A A A C C T A G C C C A C G C C G G A C C A T C A 
c m b S B G A A C C G T A T A T C C A C C C C T C G C A G G A A A T A T G G C C C A C G C C G G G G C A T C A 
C i n b 5 9 G A A C C G T A T A T C C A C C C C T C G C A G G A A A T A T G G C C C A C G C C G G G G C A T C A 
c m c V l a G A A C A G T C T A T C C A C C C C T G G C T G G A A A C C T A G C C C A C G C C G G A C C A T C A 
c m c 7 l b G A A C A G T G T A T C C A C C A C T A T C G G G C A A C A T A G T C C A C T C A G G C C C A T C A 
c m d B l G A A C A G T C T A T C C A C C C C T G G C T G G A A A C C T A G C C C A C G C C G G A C C A T C A 
c m d 8 2 G A A C C G T A T A T C C A C C C C T C G C A G G A A A T A T G G C C C A C G C C G G G G C A T C A 
c m d 8 3 G A A C C G T A T A T C C A C C C C T C G C A G G A A A T A T G G C C C A C G C C G G G G C A T C A 
C C O l G A A C C G T C T A C C C C C C T C T A G C C G G A A A C C T A G C T C A C G C C G G A C C A T C C 
C S O l G A A C A G T C T A T C C A C C C C T G G C T G G A A A C C T A G C C C A C G C C G G A C C A T C A 
C P O l G A A C A G T C T A C C C G C C C C T A G C T G G A A A C C T A G C C C A C G C C G G A C C A T C A 
V B O l G A A C C G T A T A T C C A C C T C T C G C A G G G A A T A T A G C C C A T G C A G G A G C A T C A 
V S O l G A A C C G T A T A T C C A C C C C T C G C A G G A A A T A T G G C C C A C G C C G G G G C A T C A 
Alligator sinensis A F 5 1 1 5 0 7 G A A C T G T C T A C C C G C C C C T C G C C G G A A A T T T A G C C C A C G C C G G A C C G T C C 
Alligator sinensis N C 0 0 4 4 4 8 G A A C T G T C T A C C C G C C C C T C G C C G G A A A T T T A G C C C A C G C C G G A C C G T C C 
Alligator mississippiensis NC 0 0 1 9 2 2 GAACCGTCTACCCTCCCCTAGCCGGAAACCTAGCCCACGCCGGGCCATCC 
Alligator ia±ss±ss±pp±ens±s Y 1 3 1 1 3 G A A C C G T C T A C C C T C C C C T A G C C G G A A A C C T A G C C C A C G C C G G G C C A T C C 
Caiman crocodllus A J 4 0 4 8 7 2 G A A C C G T C T A C C C C C C T C T A G C C G G A A A C C T A G C T C A C G C C G G A C C A T C C 
Caiman crocodllus N C 0 0 2 7 4 4 G A A C C G T C T A C C C C C C T C T A G C C G G A A A C C T A G C T C A C G C C G G A C C A T C C 
Crocodylus nlloticus A J 8 1 0 4 5 2 G A A C A G T C T A C C C A C C G C T A G C T G G A A A C C T A G C C C A C G C C G G A C C A T C A 
Crocodylus zillotlcus N C 0 0 8 1 4 2 G A A C A G T C T A C C C A C C G C T A G C T G G A A A C C T A G C C C A C G C C G G A C C A T C A 
Crocodylus siamensis E F 5 8 1 8 5 9 G A A C A G T C T A T C C A C C C C T G G C T G G A A A C C T A G C C C A C G C C G G A C C A T C A 
Crocodylus porosus A J 8 1 0 4 5 3 G A A C A G T C T A C C C A C C C C T A G C T G G A A A C C T A G C C C A C G C C G G A C C A T C A 
Crocodylus porosus N C 0 0 8 1 4 3 G A A C A G T C T A C C C A C C C C T A G C T G G A A A C C T A G C C C A C G C C G G A C C A T C A 
Python reglus A B 1 7 7 8 7 8 G A A C C G T T T A C C C A C C A C T A T C A G G C A A C A T A G T T C A C T C G G G C C C C T C A 
Varanus komodoensis A B 0 8 0 2 7 5 G G A C T G T G T A T C C T C C T C T T G C A G G A A A C A T A G C C C A C G C C G G A G C A T C A 
Varanus nlloticus A B 1 8 5 3 2 7 GAACAGTATATCCCCCTCTTGCCGGAAATATCGCTCATGCCGGAGCATCA 
2 2 2 
Appendix 9. (continued) 
S a m p l e n a m e s ( C o d e s / A c c e s s i o n n o . ) 3 6 0 3 7 0 3 8 0 3 9 0 4 0 0 
——I——I——I——I——I——I——I——I——I——I 
c m a 3 1 G T A G A T T T A A C T A T C T T C T C T C T A C A C T T A G C C G G A G T A T C T T C C A T C C T 
c m a 3 2 G T A G A C C T G A C T A T C T T C T C C C T T C A C C T T G C T G G G G T A T C A T C C A T C C T 
c m a 3 3 G T A G A C C T G A C T A T C T T C T C C C T T C A C C T T G C T G G G G T A T C A T C C A T C C T 
c m a 3 4 G T A G A C T T A G C T A T T T T T T C C C T C C A T T T A G C C G G A G C A T C C T C A A T T C T 
c m a 3 5 G T A G A C C T G G C A A T T T T C T C A C T A C A C C T A G C T G G A G C C T C T T C A A T T C T 
c m a 3 6 G T C G A C C T A A C A A T C T T C T C C C T C C A T C T G G C A G G C A T T T C A T C A A T C C T 
c m a 3 7 G T A G A C C T G A C T A T C T T C T C C C T T C A C C T T G C T G G G G T A T C A T C C A T C C T 
c m a 3 8 G T C G A C C T A A C A A T C T T C T C C C T C C A T C T G G C A G G C A T T T C A T C A A T C C T 
c m a 3 9 G T C G A C C T A A C A A T C T T C T C C C T C C A T C T G G C A G G C A T T T C A T C A A T C C T 
c m a 4 0 G T A G A C C T G A C T A T C T T C T C C C T T C A C C T T G C T G G G G T A T C A T C C A T C C T 
c m a 4 1 G T C G A C C T A A C A A T C T T C T C C C T C C A T C T G G C A G G C A T T T C A T C A A T C C T 
c m b S l G T C G A C C T A A C A A T C T T C T C C C T C C A T C T G G C A G G C A T T T C A T C A A T C C T 
C i n b 5 2 G T C G A C C T A A C A A T C T T C T C C C T C C A T C T G G C A G G C A T T T C A T C A A T C C T 
C i n b 5 3 G T C G A C C T A A C A A T C T T C T C C C T C C A T C T G G C A G G C A T T T C A T C A A T C C T 
c m b 5 4 G T C G A C C T A A C A A T C T T C T C C C T C C A T C T G G C A G G C A T T T C A T C A A T C C T 
c m b S S G T C G A C C T A A C A A T C T T C T C C C T C C A T C T G G C A G G C A T T T C A T C A A T C C T 
c m b S e G T C G A C C T A A C A A T C T T C T C C C T C C A T C T G G C A G G C A T T T C A T C A A T C C T 
c m b 5 7 G T A G A C C T G A C T A T C T T C T C C C T T C A C C T T G C T G G G G T A T C A T C C A T C C T 
c m b S S G T C G A C C T A A C A A T C T T C T C C C T C C A T C T G G C A G G C A T T T C A T C A A T C C T 
c m b 5 9 G T C G A C C T A A C A A T C T T C T C C C T C C A T C T G G C A G G C A T T T C A T C A A T C C T 
c m c V l a G T A G A C C T G A C T A T C T T C T C C C T T C A C C T T G C T G G G G T A T C A T C C A T C C T 
c m c 7 1 b G T A G A C T T A G C T A T T T T T T C C C T C C A T T T A G C C G G A G C A T C C T C A A T T C T 
c m d B l G T A G A C C T G A C T A T C T T C T C C C T T C A C C T T G C T G G G G T A T C A T C C A T C C T 
c m d 8 2 G T C G A C C T A A C A A T C T T C T C C C T C C A T C T G G C A G G C A T T T C A T C A A T C C T 
c m d 8 3 G T C G A C C T A A C A A T C T T C T C C C T C C A T C T G G C A G G C A T T T C A T C A A T C C T 
C C O l G T A G A C T T A A C A A T C T T C T C A C T A C A T C T T G C C G G A G T A T C C T C T A T C C T 
C S O l G T A G A C C T G A C T A T C T T C T C C C T T C A C C T T G C T G G G G T A T C A T C C A T C C T 
C P O l G T A G A C T T G A C C A T C T T C T C C C T C C A C C T T G C T G G A G T A T C A T C C A T C C T 
V B O l G T T G A C T T A A C A A T T T T C T C C C T A C A T C T A G C A G G T A T T T C A T C A A T C C T 
V S O l G T C G A C C T A A C A A T C T T C T C C C T C C A T C T G G C A G G C A T T T C A T C A A T C C T 
Alligator sinensis A F 5 1 1 5 0 7 G T A G A T T T G A C A A T C T T C T C T C T T C A T C T C G C C G G A G T A T C C T C T A T C C T 
Alligator sinensis N C 0 0 4 4 4 8 G T A G A T T T G A C A A T C T T C T C T C T T C A T C T C G C C G G A G T A T C C T C T A T C C T 
Alligator mississippiensls N C 0 0 1 9 2 2 G T A G A T T T A A C T A T C T T C T C T C T A C A C T T A G C C G G A G T A T C T T C C A T C C T 
Alligator mississippiensls Y 1 3 1 1 3 G T A G A T T T A A C T A T C T T C T C T C T A C A C T T A G C C G G A G T A T C T T C C A T C C T 
Caiman crocodllus A J 4 0 4 8 7 2 G T A G A C T T A A C A A T C T T C T C A C T A C A T C T T G C C G G A G T A T C C T C T A T C C T 
Caiman crocodllus N C 0 0 2 7 4 4 G T A G A C T T A A C A A T C T T C T C A C T A C A T C T T G C C G G A G T A T C C T C T A T C C T 
Crocodylus niloticus A J 8 1 0 4 5 2 G T A G A C C T C A C T A T T T T C T C C C T T C A C C T T G C T G G G G T G T C A T C C A T C C T 
Cxocodylus nllotlcus N C 0 0 8 1 4 2 G T A G A C C T C A C T A T T T T C T C C C T T C A C C T T G C T G G G G T G T C A T C C A T C C T 
Crocodylus slamensis E F 5 8 1 8 5 9 G T A G A C C T G A C T A T C T T C T C C C T T C A C C T T G C T G G G G T A T C A T C C A T C C T 
Crocodylus porosus A J 8 1 0 4 5 3 G T A G A C T T G A C C A T C T T C T C C C T C C A C C T T G C T G G A G T A T C A T C C A T C C T 
Crocodylus porosus N C 0 0 8 1 4 3 G T A G A C T T G A C C A T C T T C T C C C T C C A C C T T G C T G G A G T A T C A T C C A T C C T 
Python regius A B 1 7 7 8 7 8 G T A G A C C T G G C A A T T T T T T C C C T C C A T T T A G C C G G C G C C T C T T C A A T C C T 
Varanus komodoensis A B 0 8 0 2 7 5 G T T G A T T T G A C A A T C T T C T C C C T C C A C C T G G C A G G A G T C T C A T C C A T T C T 
Varanus niloticus A B 1 8 5 3 2 7 GTAGACTTAACAATCTTCTCACTGCATCTAGCAGGCATTTCATCAATTCT 
2 2 3 
Appendix 9. (continued) 
S a m p l e n a m e s ( C o d e s / A c c e s s i o n n o . ) 4 1 0 4 2 0 4 3 0 4 4 0 4 5 0 
• . . • I . . . - I . . . . I . . . . I . . . . I . . . . I . . . . I . . . . I . . . . I . . . . I 
C 贴 3 1 C G G A G C A A T T A A C T T T A T T A C A A C A G C A A T C A A C A T A A A A C C C C C A G C A A 
c m a 3 2 T G G A G C A A T T A A C T T T A T T A C C A C G G C T A T C A A C A T G A A G C C C C C A G C G A 
c m a 3 3 T G G A G C A A T T A A C T T T A T T A C C A C G G C T A T C A A C A T G A A G C C C C C A G C G A 
c m a 3 4 A G G G G C A A T C A A C T T T A T C A C C A C A T G C A T C A A T A T A A A A C C A G C A T C A A 
c m a 3 5 A G G G G C A A T C A A T T T C A T T A C C A C A T G T A T T A A T A T A A A A C C G A C A T C A A 
c m a 3 6 T G G T G C T A T C A A C T T C A T C A C C A C A T G T A T C A A T A T A A A A C C C C C T G C A A 
c m a 3 7 T G G A G C A A T T A A C T T T A T T A C C A C G G C T A T C A A C A T G A A G C C C C C A G C G A 
c m a 3 8 T G G T G C T A T C A A C T T C A T C A C C A C A T G T A T C A A T A T A A A A C C C C C T G C A A 
c m a 3 9 T G G T G C T A T C A A C T T C A T C A C C A C A T G T A T C A A T A T A A A A C C C C C T G C A A 
c m a 4 0 T G G A G C A A T T A A C T T T A T T A C C A C G G C T A T C A A C A T G A A G C C C C C A G C G A 
c m a 4 1 T G G T G C T A T C A A C T T C A T C A C C A C A T G T A T C A A T A T A A A A C C C C C T G C A A 
C i n b S l T G G T G C T A T C A A C T T C A T C A C C A C A T G T A T C A A T A T A A A A C C C C C T G C A A 
c n i b 5 2 T G G T G C T A T C A A C T T C A T C A C C A C A T G T A T C A A T A T A A A A C C C C C T G C A A 
c n i b 5 3 T G G T G C T A T C A A C T T C A T C A C C A C A T G T A T C A A T A T A A A A C C C C C T G C A A 
c n i b 5 4 T G G T G C T A T C A A C T T C A T C A C C A C A T G T A T C A A T A T A A A A C C C C C T G C A A 
c m b S S T G G T G C T A T C A A C T T C A T C A C C A C A T G T A T C A A T A T A A A A C C C C C T G C A A 
c m b S e T G G T G C T A T C A A C T T C A T C A C C A C A T G T A T C A A T A T A A A A C C C C C T G C A A 
c n i b 5 7 T G G A G C A A T T A A C T T T A T T A C C A C G G C T A T C A A C A T G A A G C C C C C A G C G A 
c n i b 5 8 T G G T G C T A T C A A C T T C A T C A C C A C A T G T A T C A A T A T A A A A C C C C C T G C A A 
c n i b 5 9 T G G T G C T A T C A A C T T C A T C A C C A C A T G T A T C A A T A T A A A A C C C C C T G C A A 
c m c 7 1 a T G G A G C A A T T A A C T T T A T T A C C A C G G C T A T C A A C A T G A A G C C C C C A G C G A 
c n i c 7 l b A G G G G C A A T C A A C T T T A T C A C C A C A T G C A T C A A T A T A A A A C C A G C A T C A A 
c m d S l T G G A G C A A T T A A C T T T A T T A C C A C G G C T A T C A A C A T G A A G C C C C C A G C G A 
c m d 8 2 T G G T G C T A T C A A C T T C A T C A C C A C A T G T A T C A A T A T A A A A C C C C C T G C A A 
c m d 8 3 T G G T G C T A T C A A C T T C A T C A C C A C A T G T A T C A A T A T A A A A C C C C C T G C A A 
C C O l A G G A G C A A T C A A C T T C A T T A C A A C A G C C A T C A A C A T A A A A C C C C C A G C C A 
C S O l T G G A G C A A T T A A C T T T A T T A C C A C G G C T A T C A A C A T G A A G C C C C C A G C G A 
C P O l T G G A G C A A T T A A C T T T A T T A C C A C G G C C A T T A A T A T G A A A C C C C C A G C A A 
V B O l T G G C G C T A T T A A C T T C A T T A C T A C A T G C A T C A A C A T A A A A C C C C C C A C A A 
V S O l T G G T G C T A T C A A C T T C A T C A C C A C A T G T A T C A A T A T A A A A C C C C C T G C A A 
Alligator sinensis A F 5 1 1 5 0 7 T G G T G C T A T T A A T T T C A T T A C A A C A G C A A T T A A C A T A A A A C C C C C A G C A A 
Alligator sinensis N C 0 0 4 4 4 8 T G G T G C T A T T A A T T T C A T T A C A A C A G C A A T T A A C A T A A A A C C C C C A G C A A 
Alligator mississippiensis N C 0 0 1 9 2 2 C G G A G C A A T T A A C T T T A T T A C A A C A G C A A T C A A C A T A A A A C C C C C A G C A A 
Alligator mississippiensis Y 1 3 1 1 3 C G G A G C A A T T A A C T T T A T T A C A A C A G C A A T C A A C A T A A A A C C C C C A G C A A 
Caiman crocodilus A J 4 0 4 8 7 2 A G G A G C A A T C A A C T T C A T T A C A A C A G C C A T C A A C A T A A A A C C C C C A G C C A 
Caiman crocodilus N C 0 0 2 7 4 4 A G G A G C A A T C A A C T T C A T T A C A A C A G C C A T C A A C A T A A A A C C C C C A G C C A 
Crocodylus niloticus A J 8 1 0 4 5 2 T G G A G C A A T T A A C T T T A T C A C C A C G G C T A T C A A C A T A A A A C C A C C A G C A A 
Crocodylus niloticus N C 0 0 8 1 4 2 T G G A G C A A T T A A C T T T A T C A C C A C G G C T A T C A A C A T A A A A C C A C C A G C A A 
Crocodylus siamensis E F 5 8 1 8 5 9 T G G A G C A A T T A A C T T T A T T A C C A C G G C T A T C A A C A T G A A G C C C C C A G C G A 
Crocodylus porosus A J 8 1 0 4 5 3 T G G A G C A A T T A A C T T T A T T A C C A C G G C C A T T A A T A T G A A A C C C C C A G C A A 
Crocodylus porosus N C 0 0 8 1 4 3 T G G A G C A A T T A A C T T T A T T A C C A C G G C C A T T A A T A T G A A A C C C C C A G C A A 
Python regius A B 1 7 7 8 7 8 A G G G G C A A T T A A T T T T A T C A C C A C A T G T G T T A A T A T A A A A C C A G C A T C T A 
Varanus komodoensis A B 0 8 0 2 7 5 T G G G G C C A T C A A C T T C A T T A C C A C C T G C A T C A A C A T A A A A C C C C C C A C A A 
Varanus niloticus A B 1 8 5 3 2 7 TGGGGCCATCAACTTTATCACCACATGCATTAACATAAAACCACCCACAA 
2 2 4 
Appendix 9. (continued) 
S a m p l e n a m e s ( C o d e s / A c c e s s i o n n o . ) 4 6 0 4 7 0 4 8 0 4 9 0 5 0 0 
——I——I——I——I——I——I——I——I——I——I 
c m a 3 1 T A T C C C A A T A C C A A A C A C C A C T A T T T G T G T G A T C C G T C C T A A T T A C A G C T 
c m a 3 2 T A T C A C A A C A A C A A A C A C C T C T T T T C G T G T G G T C T G T T C T A G T T A C A G C C 
c m a 3 3 T A T C A C A A C A A C A A A C A C C T C T T T T C G T G T G G T C T G T T C T A G T T A C A G C C 
c m a 3 4 T A C C A A T A T T T A A C A T T C C A T T A T T T G T G T G A T C A G T A T T G A T C A C G G C A 
c m a 3 5 T A C C A A T A T T T A A C A T T C C C T T A T T C G T C T G A T C C G T A C T A A T T A C A G C A 
c m a 3 6 T A A C A C A A T A C C A C A T A C C C C T A T T C G T G T G G T C A G T C T T A A T T A C T G C A 
c m a 3 7 T A T C A C A A C A A C A A A C A C C T C T T T T C G T G T G G T C T G T T C T A G T T A C A G C C 
c m a 3 8 T A A C A C A A T A C C A C A T A C C C C T A T T C G T G T G G T C A G T C T T A A T T A C T G C A 
c m a 3 9 T A A C A C A A T A C C A C A T A C C C C T A T T C G T G T G G T C A G T C T T A A T T A C T G C A 
c m a 4 0 T A T C A C A A C A A C A A A C A C C T C T T T T C G T G T G G T C T G T T C T A G T T A C A G C C 
c m a 4 1 T A A C A C A A T A C C A C A T A C C C C T A T T C G T G T G G T C A G T C T T A A T T A C T G C A 
c m b S l T A A C A C A A T A C C A C A T A C C C C T A T T C G T G T G G T C A G T C T T A A T T A C T G C A 
c m b 5 2 T A A C A C A A T A C C A C A T A C C C C T A T T C G T G T G G T C A G T C T T A A T T A C T G C A 
C i n b 5 3 T A A C A C A A T A C C A C A T A C C C C T A T T C G T G T G G T C A G T C T T A A T T A C T G C A 
c n i b 5 4 T A A C A C A A T A C C A C A T A C C C C T A T T C G T G T G G T C A G T C T T A A T T A C T G C A 
c m b 5 5 T A A C A C A A T A C C A C A T A C C C C T A T T C G T G T G G T C A G T C T T A A T T A C T G C A 
c m b S e T A A C A C A A T A C C A C A T A C C C C T A T T C G T G T G G T C A G T C T T A A T T A C T G C A 
c m b S V T A T C A C A A C A A C A A A C A C C T C T T T T C G T G T G G T C T G T T C T A G T T A C A G C C 
c m b S S T A A C A C A A T A C C A C A T A C C C C T A T T C G T G T G G T C A G T C T T A A T T A C T G C A 
c m b 5 9 T A A C A C A A T A C C A C A T A C C C C T A T T C G T G T G G T C A G T C T T A A T T A C T G C A 
c m c 7 1 a T A T C A C A A C A A C A A A C A C C T C T T T T C G T G T G G T C T G T T C T A G T T A C A G C C 
c m c V l b T A C C A A T A T T T A A C A T T C C A T T A T T T G T G T G A T C A G T A T T G A T C A C G G C A 
c m d 8 1 T A T C A C A A C A A C A A A C A C C T C T T T T C G T G T G G T C T G T T C T A G T T A C A G C C 
c m d 8 2 T A A C A C A A T A C C A C A T A C C C C T A T T C G T G T G G T C A G T C T T A A T T A C T G C A 
c m d 8 3 T A A C A C A A T A C C A C A T A C C C C T A T T C G T G T G G T C A G T C T T A A T T A C T G C A 
C C O l T A T C C C A A T A C C A A A C A C C A C T A T T T G T T T G A T C T G T C T T A A T C A C A G C C 
C S O l T A T C A C A A C A A C A A A C A C C T C T T T T C G T G T G G T C T G T T C T A G T T A C A G C C 
C P O l T A T C A C A A C A A C A G A C G C C T C T T T T C G T A T G G T C T A T T C T A G T T A C A G C C 
V B O l T A A C A C A A T A T C A C A C A C C G C T A T T C G T A T G A T C A G T T C T A A T C A C C G C A 
V S O l T A A C A C A A T A C C A C A T A C C C C T A T T C G T G T G G T C A G T C T T A A T T A C T G C A 
Alligator sinensis A F 5 1 1 5 0 7 T A T C C C A A T A C C A A A C A C C C T T A T T T G T A T G G T C C G T C C T A A T T A C A G C C 
Alligator sinensis N C 0 0 4 4 4 8 T A T C C C A A T A C C A A A C A C C C T T A T T T G T A T G G T C C G T C C T A A T T A C A G C C 
Alligator mississippiensis N C 0 0 1 9 2 2 T A T C C C A A T A C C A A A C A C C A C T A T T T G T G T G A T C C G T C C T A A T T A C A G C T 
Alligator mississippiensis Y 1 3 1 1 3 T A T C C C A A T A C C A A A C A C C A C T A T T T G T G T G A T C C G T C C T A A T T A C A G C T 
Caiman crocodllus A J 4 0 4 8 7 2 T A T C C C A A T A C C A A A C A C C A C T A T T T G T T T G A T C T G T C T T A A T C A C A G C C 
Caiman crocodllus N C 0 0 2 7 4 4 T A T C C C A A T A C C A A A C A C C A C T A T T T G T T T G A T C T G T C T T A A T C A C A G C C 
Crocodylus nlloticus A J 8 1 0 4 5 2 T G T C A C A A C A A C A A A C G C C C C T C T T T G T G T G A T C T G T T C T A G T T A C A G C T 
Crocodylus nlloticus N C 0 0 8 1 4 2 T G T C A C A A C A A C A A A C G C C C C T C T T T G T G T G A T C T G T T C T A G T T A C A G C T 
Crocodylus siamensis E F 5 8 1 8 5 9 T A T C A C A A C A A C A A A C A C C T C T T T T C G T G T G G T C T G T T C T A G T T A C A G C C 
Crocodylus porosus A J 8 1 0 4 5 3 T A T C A C A A C A A C A G A C G C C T C T T T T C G T A T G A T C T A T T C T A G T T A C A G C C 
Crocodylus porosus N C 0 0 8 1 4 3 T A T C A C A A C A A C A G A C G C C T C T T T T C G T A T G A T C T A T T C T A G T T A C A G C C 
Python reglus A B 1 7 7 8 7 8 T A C C A A T A T T C A A C A T C C C T T T A T T C G T T T G A T C C G T A T T A A T C A C A G C A 
Varanus komodoensls A B 0 8 0 2 7 5 T A A C T C A A T A C C A T A T G C C C T T A T T T G T C T G A T C C G T A C T A A T C A C C G C A 
Varanus nlloticus A B 1 8 5 3 2 7 TAACACAATACCATATACCCCTATTCGTCTGATCCGTCCTAATCACTGCA 
2 2 5 
Appendix 9. (continued) 
S a m p l e n a m e s ( C o d e s / A c c e s s i o n n o . ) 5 1 0 5 2 0 5 3 0 5 4 0 5 5 0 
——I——I——I——I——I——I——I——I——I——I 
c m a 3 1 G T A C T T C T C C T A C T A T C C C T A C C A G T A C T A G C T G C T G G A A T T A C A A T A C T 
c m a 3 2 G T T C T C C T A C T A C T C T C A C T A C C A G T C C T A G C T G C A G G A A T T A C C A T A C T 
c m a 3 3 G T T C T C C T A C T A C T C T C A C T A C C A G T C C T A G C T G C A G G A A T T A C C A T A C T 
c m a 3 4 A T T A T G C T T C T T T T A G C T C T A C C T G T A C T A G C G G C A G C A A T T A C C A T A T T 
c m a 3 5 A T C A T G C T C C T T C T A G C C C T G C C A G T T T T A G C A G C A G C A G T T A C A A T A C T 
c m a 3 6 G T C C T C C T C C T C C T C T C C C T T C C A G T T C T T G C A G C A G G A A T C A C C A T A C T 
c m a 3 7 G T T C T C C T A C T A C T C T C A C T A C C A G T C C T A G C T G C A G G A A T T A C C A T A C T 
c m a 3 8 G T C C T C C T C C T C C T C T C C C T T C C A G T T C T T G C A G C A G G A A T C A C C A T A C T 
c m a 3 9 G T C C T C C T C C T C C T C T C C C T T C C A G T T C T T G C A G C A G G A A T C A C C A T A C T 
c m a 4 0 G T T C T C C T A C T A C T C T C A C T A C C A G T C C T A G C T G C A G G A A T T A C C A T A C T 
c m a 4 1 G T C C T C C T C C T C C T C T C C C T T C C A G T T C T T G C A G C A G G A A T C A C C A T A C T 
c m b S l G T C C T C C T C C T C C T C T C C C T T C C A G T T C T T G C A G C A G G A A T C A C C A T A C T 
c m b 5 2 G T C C T C C T C C T C C T C T C C C T T C C A G T T C T T G C A G C A G G A A T C A C C A T A C T 
C i n b 5 3 G T C C T C C T C C T C C T C T C C C T T C C A G T T C T T G C A G C A G G A A T C A C C A T A C T 
c m b 5 4 G T C C T C C T C C T C C T C T C C C T T C C A G T T C T T G C A G C A G G A A T C A C C A T A C T 
c m b S S G T C C T C C T C C T C C T C T C C C T T C C A G T T C T T G C A G C A G G A A T C A C C A T A C T 
c m b S e G T C C T C C T C C T C C T C T C C C T T C C A G T T C T T G C A G C A G G A A T C A C C A T A C T 
c m b S V G T T C T C C T A C T A C T C T C A C T A C C A G T C C T A G C T G C A G G A A T T A C C A T A C T 
c m b 5 8 G T C C T C C T C C T C C T C T C C C T T C C A G T T C T T G C A G C A G G A A T C A C C A T A C T 
c m b 5 9 G T C C T C C T C C T C C T C T C C C T T C C A G T T C T T G C A G C A G G A A T C A C C A T A C T 
c m c 7 1 a G T T C T C C T A C T A C T C T C A C T A C C A G T C C T A G C T G C A G G A A T T A C C A T A C T 
c m c 7 l b A T T A T G C T T C T T T T A G C T C T A C C T G T A C T A G C G G C A G C A A T T A C C A T A T T 
c m d 8 1 G T T C T C C T A C T A C T C T C A C T A C C A G T C C T A G C T G C A G G A A T T A C C A T A C T 
c m d 8 2 G T C C T C C T C C T C C T C T C C C T T C C A G T T C T T G C A G C A G G A A T C A C C A T A C T 
c m d 8 3 G T C C T C C T C C T C C T C T C C C T T C C A G T T C T T G C A G C A G G A A T C A C C A T A C T 
C C O l G T A C T C C T C T T G C T A G C C C T A C C G G T A C T A G C C G C T G G A A T T A C T A T A C T 
C S O l G T T C T C C T A C T A C T C T C A C T A C C A G T C C T A G C T G C A G G A A T T A C C A T A C T 
C P O l G T T C T C C T A C T G C T C T C A C T A C C A G T C C T A G C T G C A G G A A T T A C C A T A T T 
V B O l A T T C T C C T T C T T C T C T C C C T C C C A G T C C T C G C G G C G G G A A T C A C C A T G C T 
V S O l G T C C T C C T C C T C C T C T C C C T T C C A G T T C T T G C A G C A G G A A T C A C C A T A C T 
Alligator sinensis A F 5 1 1 5 0 7 G T G C T C C T T C T A C T A T C C C T A C C A G T A C T A G C T G C T G G A A T C A C C A T A C T 
Alligator sinensis N C 0 0 4 4 4 8 G T G C T C C T T C T A C T A T C C C T A C C A G T A C T A G C T G C T G G A A T C A C C A T A C T 
Alligator mississippiensis N C 0 0 1 9 2 2 G T A C T T C T C C T A C T A T C C C T A C C A G T A C T A G C T G C T G G A A T T A C A A T A C T 
Alligator mississippiensis Y 1 3 1 1 3 G T A C T T C T C C T A C T A T C C C T A C C A G T A C T A G C T G C T G G A A T T A C A A T A C T 
Caiman crocodilus A J 4 0 4 8 7 2 G T A C T C C T C T T G C T A G C C C T A C C G G T A C T A G C C G C T G G A A T T A C T A T A C T 
Caiman crocodilus N C 0 0 2 7 4 4 G T A C T C C T C T T G C T A G C C C T A C C G G T A C T A G C C G C T G G A A T T A C T A T A C T 
Crocodylus niloticus A J 8 1 0 4 5 2 G T C C T C C T A C T G C T C T C A C T A C C C G T C C T A G C T G C A G G A A T T A C T A T A C T 
Crocodylus niloticus N C 0 0 8 1 4 2 G T C C T C C T A C T G C T C T C A C T A C C C G T C C T A G C T G C A G G A A T T A C T A T A C T 
Crocodylus siamensis E F 5 8 1 8 5 9 G T T C T C C T A C T A C T C T C A C T A C C A G T C C T A G C T G C A G G A A T T A C C A T A C T 
Crocodylus porosus A J 8 1 0 4 5 3 G T T C T C C T A C T G C T C T C A C T A C C A G T C C T A G C T G C A G G A A T T A C C A T A T T 
Crocodylus porosus N C 0 0 8 1 4 3 G T T C T C C T A C T G C T C T C A C T A C C A G T C C T A G C T G C A G G A A T T A C C A T A T T 
Python regius A B 1 7 7 8 7 8 A T T A T G C T C C T T C T A G C C C T C C C A G T A C T A G C A G C A G C C A T T A C A A T A C T 
Varanus komodoensis A B 0 8 0 2 7 5 G T C C T C C T C C T C C T C T C A C T G C C A G T C C T G G C T G C A G G A A T C A C A A T G C T 
Varanus niloticus A B 1 8 5 3 2 7 GTCCTCCTCCTCCTCTCTCTACCTGTCCTAGCAGCAGGAATTACTATACT 
2 2 6 
Appendix 9. (continued) 
S a m p l e n a m e s ( C o d e s / A c c e s s i o n n o . ) 5 6 0 5 7 0 5 8 0 5 9 0 6 0 0 
——I——I——I——I——I——I——I——I——I——I 
c m a 3 1 A C T C A C A G A C C G C A A C T T A A A C A C A A C C T T C T T T G A C C C C G C A G G G G G A G 
c m a 3 2 A C T C A C C G A C C G A A A C T T G A A C A C C A C C T T C T T T G A C C C C G C A G G A G G A G 
c m a 3 3 A C T C A C C G A C C G A A A C T T G A A C A C C A C C T T C T T T G A C C C C G C A G G A G G A G 
c m a 3 4 A C T G A C C G A T C G A A A T C T A A A C A C A T C A T T C T T T G A C C C T T G T G G A G G G G 
c m a 3 5 G C T A A C C G A C C G A A A C C T A A A C A C A T C C T T C T T T G A C C C C T G C G G A G G A G 
c m a 3 6 C C T G A C A G A T C G C A A C T T A A A T A C C T C T T T C T T T G A C C C A G C C G G T G G A G 
c m a 3 7 A C T C A C C G A C C G A A A C T T G A A C A C C A C C T T C T T T G A C C C C G C A G G A G G A G 
c m a 3 8 C C T G A C A G A T C G C A A C T T A A A T A C C T C T T T C T T T G A C C C A G C C G G T G G A G 
c m a 3 9 C C T G A C A G A T C G C A A C T T A A A T A C C T C T T T C T T T G A C C C A G C C G G T G G A G 
c m a 4 0 A C T C A C C G A C C G A A A C T T G A A C A C C A C C T T C T T T G A C C C C G C A G G A G G A G 
c n i a 4 1 C C T G A C A G A T C G C A A C T T A A A T A C C T C T T T C T T T G A C C C A G C C G G T G G A G 
c m b S l C C T G A C A G A T C G C A A C T T A A A T A C C T C T T T C T T T G A C C C A G C C G G T G G A G 
c m b 5 2 C C T G A C A G A T C G C A A C T T A A A T A C C T C T T T C T T T G A C C C A G C C G G T G G A G 
c m b 5 3 C C T G A C A G A T C G C A A C T T A A A T A C C T C T T T C T T T G A C C C A G C C G G T G G A G 
c n i b 5 4 C C T G A C A G A T C G C A A C T T A A A T A C C T C T T T C T T T G A C C C A G C C G G T G G A G 
c m b S S C C T G A C A G A T C G C A A C T T A A A T A C C T C T T T C T T T G A C C C A G C C G G T G G A G 
C i n b 5 6 C C T G A C A G A T C G C A A C T T A A A T A C C T C T T T C T T T G A C C C A G C C G G T G G A G 
c m b 5 7 A C T C A C C G A C C G A A A C T T G A A C A C C A C C T T C T T T G A C C C C G C A G G A G G A G 
c m b S B C C T G A C A G A T C G C A A C T T A A A T A C C T C T T T C T T T G A C C C A G C C G G T G G A G 
c m b 5 9 C C T G A C A G A T C G C A A C T T A A A T A C C T C T T T C T T T G A C C C A G C C G G T G G A G 
c m c 7 l a A C T C A C C G A C C G A A A C T T G A A C A C C A C C T T C T T T G A C C C C G C A G G A G G A G 
c m c 7 1 b A C T G A C C G A T C G A A A T C T A A A C A C A T C A T T C T T T G A C C C T T G T G G A G G G G 
c m d S l A C T C A C C G A C C G A A A C T T G A A C A C C A C C T T C T T T G A C C C C G C A G G A G G A G 
c m d 8 2 C C T G A C A G A T C G C A A C T T A A A T A C C T C T T T C T T T G A C C C A G C C G G T G G A G 
c m d 8 3 C C T G A C A G A T C G C A A C T T A A A T A C C T C T T T C T T T G A C C C A G C C G G T G G A G 
C C O l A C T C A C A G A C C G A A A C T T A A A C A C A A C T T T C T T T G A C C C T G C G G G A G G A G 
C S O l A C T C A C C G A C C G A A A C T T G A A C A C C A C C T T C T T T G A C C C C G C A G G A G G A G 
C P O l A C T C A C T G A T C G A A A C C T G A A C A C C A C C T T C T T T G A C C C C G C A G G A G G A G 
V B O l C C T C A C A G A T C G A A A C T T A A A T A C C T C T T T C T T T G A C C C A G C C G G T G G A G 
V S O l C C T G A C A G A T C G C A A C T T A A A T A C C T C T T T C T T T G A C C C A G C C G G T G G A G 
Alligator sinensis A F 5 1 1 5 0 7 C C T T A C A G A T C G C A A C T T A A A T A C A A C C T T C T T C G A C C C C G C G G G C G G A G 
Alligator sinensis N C 0 0 4 4 4 8 C C T T A C A G A T C G C A A C T T A A A T A C A A C C T T C T T C G A C C C C G C G G G C G G A G 
Alligator ia±ss±ss±pp±ezisis N C 0 0 1 9 2 2 A C T C A C A G A C C G C A A C T T A A A C A C A A C C T T C T T T G A C C C C G C A G G G G G A G 
Alligator mississippiensis Y 1 3 1 1 3 A C T C A C A G A C C G C A A C T T A A A C A C A A C C T T C T T T G A C C C C G C A G G G G G A G 
Caiman crocodilus A J 4 0 4 8 7 2 A C T C A C A G A C C G A A A C T T A A A C A C A A C T T T C T T T G A C C C T G C G G G A G G A G 
Caiman crocodilus N C 0 0 2 7 4 4 A C T C A C A G A C C G A A A C T T A A A C A C A A C T T T C T T T G A C C C T G C G G G A G G A G 
Crocodylus nllotlcus A J 8 1 0 4 5 2 A C T A A C T G A C C G A A A C T T G A A C A C C A C T T T C T T T G A C C C C G C A G G A G G A G 
Crocodylus nllotlcus N C 0 0 8 1 4 2 A C T A A C T G A C C G A A A C T T G A A C A C C A C T T T C T T T G A C C C C G C A G G A G G A G 
Crocodylus siamensis E F 5 8 1 8 5 9 A C T C A C C G A C C G A A A C T T G A A C A C C A C C T T C T T T G A C C C C G C A G G A G G A G 
Crocodylus porosus A J 8 1 0 4 5 3 A C T C A C T G A T C G A A A C C T G A A C A C C A C C T T C T T T G A C C C C G C A G G A G G A G 
Crocodylus porosus N C 0 0 8 1 4 3 A C T C A C T G A T C G A A A C C T G A A C A C C A C C T T C T T T G A C C C C G C A G G A G G A G 
Python regius A B 1 7 7 8 7 8 C C T A A C G G A C C G A A A T C T A A A C A C A T C A T T T T T T G A C C C C T C T G G A G G A G 
Varanus komodoensis A B 0 8 0 2 7 5 T C T C A C T G A C C G C A A T C T A A A C A C T T C C T T C T T T G A T C C A G C C G G C G G T G 
Varanus nllotlcus A B 1 8 5 3 2 7 CTTAACCGACCGAAATTTAAATACCTCCTTCTTCGACCCCGCAGGTGGGG 
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Appendix 9. (continued) 
S a m p l e n a m e s ( C o d e s / A c c e s s i o n n o . ) 6 1 0 6 4 0 
… • I . . . . I • … I . . . • I . … I . … I . . . . I . . . . I . • • • I . . . . I 
c m a 3 1 G A G A C C C A A T C C T A T A C C A G C A C C T T T T C T G A T T C T T T G G C C A C 
c m a 3 2 G A G A C C C A A T C C T A T A C C A G C A C C T T T T C T G A T T C T T T G G C C A C 
c m a 3 3 G A G A C C C A A T C C T A T A C C A G C A C C T T T T C T G A T T C T T T G G C C A C 
c m a 3 4 G A G A C C C G G T A T T A T T T C A G C A C C T A T T C T G G T T T T T T G G C C A C 
c m a 3 5 G A G A C C C A G T A T T A T T C C A A C A C C T A T T T T G A T T C T T T G G C C A C 
c m a 3 6 G G G A C C C A A T C C T T T A C C A A C A C C T A T T C T G A T T C T T T G G C C A C 
c m a 3 7 G A G A C C C A A T C C T A T A C C A G C A C C T T T T C T G A T T C T T T G G C C A C 
c m a 3 8 G G G A C C C A A T C C T T T A C C A A C A C C T A T T C T G A T T C T T T G G C C A C 
c m a 3 9 G G G A C C C A A T C C T T T A C C A A C A C C T A T T C T G A T T C T T T G G C C A C 
c m a 4 0 G A G A C C C A A T C C T A T A C C A G C A C C T T T T C T G A T T C T T T G G C C A C 
c m a 4 1 G G G A C C C A A T C C T T T A C C A A C A C C T A T T C T G A T T C T T T G G C C A C 
c m b S l G G G A C C C A A T C C T T T A C C A A C A C C T A T T C T G A T T C T T T G G C C A C 
C i n b 5 2 G G G A C C C A A T C C T T T A C C A A C A C C T A T T C T G A T T C T T T G G C C A C 
C i n b 5 3 G G G A C C C A A T C C T T T A C C A A C A C C T A T T C T G A T T C T T T G G C C A C 
c m b 5 4 G G G A C C C A A T C C T T T A C C A A C A C C T A T T C T G A T T C T T T G G C C A C 
c m b S S G G G A C C C A A T C C T T T A C C A A C A C C T A T T C T G A T T C T T T G G C C A C 
c m b S e G G G A C C C A A T C C T T T A C C A A C A C C T A T T C T G A T T C T T T G G C C A C 
c m b 5 7 G A G A C C C A A T C C T A T A C C A G C A C C T T T T C T G A T T C T T T G G C C A C 
c m b S e G G G A C C C A A T C C T T T A C C A A C A C C T A T T C T G A T T C T T T G G C C A C 
c m b 5 9 G G G A C C C A A T C C T T T A C C A A C A C C T A T T C T G A T T C T T T G G C C A C 
c m c 7 l a G A G A C C C A A T C C T A T A C C A G C A C C T T T T C T G A T T C T T T G G C C A C 
c m c 7 1 b G A G A C C C G G T A T T A T T T C A G C A C C T A T T C T G G T T T T T T G G C C A C 
c m d 8 1 G A G A C C C A A T C C T A T A C C A G C A C C T T T T C T G A T T C T T T G G C C A C 
c m d 8 2 G G G A C C C A A T C C T T T A C C A A C A C C T A T T C T G A T T C T T T G G C C A C 
c m d 8 3 G G G A C C C A A T C C T T T A C C A A C A C C T A T T C T G A T T C T T T G G C C A C 
C C O l G A G A C C C C A T C C T A T A C C A A C A C C T T T T C T G A T T C T T T G G C C A C 
C S O l G A G A C C C A A T C C T A T A C C A G C A C C T T T T C T G A T T C T T T G G C C A C 
C P O l G A G A C C C A A T C C T A T A C C A A C A C C T T T T C T G A T T C T T T G G C C A C 
V B O l G A G A C C C A A T C C T T T A T C A A C A C C T G T T C T G A T T C T T T G G C C A C 
V S O l G G G A C C C A A T C C T T T A C C A A C A C C T A T T C T G A T T C T T T G G C C A C 
Alligator sinensis A F 5 1 1 5 0 7 G A G A C C C C A T C C T A T A C C A A C A C C T T T T C T G A T T C T T T G G C C A C 
Alligator sinensis N C 0 0 4 4 4 8 G A G A C C C C A T C C T A T A C C A A C A C C T T T T C T G A T T C T T T G G C C A C 
Alligator mississippiensis N C 0 0 1 9 2 2 G A G A T C C C A T C C T A T A C C A A C A C C T C T T C T G A T T C T T T G G C C A C 
Alligator mississippiensis Y 1 3 1 1 3 G A G A T C C C A T C C T A T A C C A A C A C C T C T T C T G A T T C T T T G G C C A C 
Caiman crocodilus A J 4 0 4 8 7 2 G A G A C C C T A T C C T A T A C C A A C A C C T T T T C T G A T T C T T T G G C C A C 
Caiman crocodilus N C 0 0 2 7 4 4 G A G A C C C T A T C C T A T A C C A A C A C C T T T T C T G A T T C T T T G G C C A C 
Crocodylus niloticus A J 8 1 0 4 5 2 G A G A C C C A A T C C T A T A C C A A C A C C T C T T C T G A T T T T T C G G C C A C 
Crocodylus niloticus N C 0 0 8 1 4 2 G A G A C C C A A T C C T A T A C C A A C A C C T C T T C T G A T T T T T C G G C C A C 
Crocodylus siamensis E F 5 8 1 8 5 9 G A G A C C C A A T C C T A T A C C A G C A C C T T T T C T G A T T T T T C G G C C A C 
Crocodylus porosus A J 8 1 0 4 5 3 G A G A C C C A A T C C T A T A C C A A C A C C T T T T C T G A T T C T T C G G C C A C 
Crocodylus porosus N C 0 0 8 1 4 3 G A G A C C C A A T C C T A T A C C A A C A C C T T T T C T G A T T C T T C G G C C A C 
Python regius A B 1 7 7 8 7 8 G A G A C C C C G T A C T A T T C C A A C A C C T G T T C T G A T T T T T T G G C C A C 
Varanus komodoensis A B 0 8 0 2 7 5 G A G A T C C C A T T C T T T A T C A A C A C C T A T T C T G A T T T T T T G G A C A C 
Varanus niloticus A B 1 8 5 3 2 7 GCGACCCCATTCTCTACCAACACCTATTCTGATTCTTCGGCCAC 
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Appendix 10. Sequence alignment of 16S rRNA 
region of hashima samples， live frog 
samples and GenBank sequences 
S a m p l e n a m e s ( C o d e s / A c c e s s i o n n o . ) 1 0 2 0 3 0 4 0 5 0 
——I——I——I——I——I——I——I——I——I——I 
H M l T G T T C T T T A A A T A G G G A C T T G T A T C A A C G G C A C T A C G A A G G C T A T A C T G T 
H M 2 T G T T C T T T A A A T A G G G A C T T G T A T C A A C G G C A C T A C G A A G G C T A T A C T G T 
H M 3 T G T T C T T T A A A T A G G G A C T T G T A T C A A C G G C A C T A C G A A G G C T A T A C T G T 
H M 4 T G T C C T T T A A A T A G G G A C T T G T A T C A A C G G C A C C A C G A G G G C T A T A C T G T 
H M 5 T G T T C T T T A A A T G G G G A C T C G T A T C A A C G G C A C T A C G A G G G C T A T A C T G T 
HM6 TGTTCTTTAAATAGGGACTTGTATCAACGGCACTACGAAGGCTATACTGT 
H M 7 T G T T C T C T A A A T A A G G A C T T G T A T C A A C G G C A C T A C G A G G G T T A T A C T G T 
HM8 TGTTCTTTAAATAGGGACTTGTATCAACGGCACTACGAAGGCTATACTGT 
H M 9 T G T T C T T T A A A T A G G G A C T T G T A T C A A C G G C A C T A C G A A G G C T A T A C T G T 
H M I O T G T C C T T T A A A T A G G G A C T T G T A T C A A C G G C A C C A C G A G G G C T A T A C T G T 
H R u l T G T T C T T T A A A T G G G G A C T C G T A T C A A C G G C A T C A C G A G G G C T T T A C T G T 
R A m l T G T T C T C T A A A T A A G G A C T T G T A T C A A C G G C A C T A C G A G G G T T A T A C T G T 
R A m 2 T G T T C T C T A A A T A A G G A C T T G T A T C A A C G G C A C T A C G A G G G T T A T A C T G T 
R A m 3 T G T T C T C T A A A T A A G G A C T T G T A T C A A C G G C A C T A C G A G G G T T A T A C T G T 
R A m 4 T G T T C T C T A A A T A A G G A C T T G T A T C A A C G G C A C T A C G A G G G T T A T A C T G T 
R A m S T G T T C T C T A A A T A A G G A C T T G T A T C A A C G G C A C T A C G A G G G T T A T A C T G T 
R C a l T G T C C T T T A A A T A G G G A C T T G T A T C A A C G G C A C C A C G A G G G C T A T A C T G T 
R D y l T G T T C T T T A A A T A G G G A C T T G T A T C A A C G G C A C T A C G A A G G C T A T A C T G T 
R D y 2 T G T T C T T T A A A T A G G G A C T T G T A T C A A C G G C A C T A C G A A G G C T A T A C T G T 
R D y S T G T T C T T T A A A T A G G G A C T T G T A T C A A C G G C A C T A C G A A G G C T A T A C T G T 
R D y 4 T G T T C T T T A A A T A G G G A C T T G T A T C A A C G G C A C T A C G A A G G C T A T A C T G T 
R D y S T G T T C T T T A A A T A G G G A C T T G T A T C A A C G G C A C T A C G A A G G C T A T A C T G T 
R H u l T G T T C T T T A A A T G A G G A C T C G T A T C A A C G G C A C T A C G A G G G C T A T A C T G T 
R H U 2 T G T T C T T T A A A T G A G G A C T C G T A T C A A C G G C A C T A C G A G G G C T A T A C T G T 
R H U 3 T G T T C T T T A A A T G A G G A C T C G T A T C A A C G G C A C T A C G A G G G C T A T A C T G T 
R H U 4 T G T T C T T T A A A T G A G G A C T C G T A T C A A C G G C A C T A C G A G G G C T A T A C T G T 
R H U 5 T G T T C T T T A A A T G A G G A C T C G T A T C A A C G G C A C T A C G A G G G C T A T A C T G T 
Bufo gargarizans A F 3 1 5 1 3 1 T G T T C T C T A A A T G T G G A C T A G T A T G A A T G G C A T C A C G A A G G T T A T A C T G T 
Hoplobatrachus rugulosus D Q 4 5 8 2 5 0 T G T T C T T T A A A T G G G G A C T C G T A T C A A C G G C A T C A C G A G G G C T T T A C T G T 
Rana amurensis D Q 2 8 9 1 1 0 T G T T C T C T A A A T A A G G A C T T G T A T C A A C G G C A C T A C G A G G G T T A T A C T G T 
Rana chaochiaoensls D Q 2 8 9 1 0 6 T G T T C T T T A A A T G A G G A C T C G T A T C A A C G G C A C T A C G A G G G C T A T A C T G T 
J R a n a catesbeiana D Q 2 8 9 1 2 7 T G T C C T T T A A A T A G G G A C T T G T A T C A A C G G C A C C A C G A G G G C T A T A C T G T 
Rana chensinensls A B 0 5 8 8 7 1 T G T T C T T T A A A T G A G G A C T C G T A T C A A C G G C A C T A C G A G G G C T A T A C T G T 
Rana chensinensls A F 3 1 5 1 3 2 T G T T C T T T A A A T G A G G A C T C G T A T C A A C G G C A C T A C G A G G G C T A T A C T G G 
Rana chensinensls D Q 2 8 9 1 1 7 T G T T C T T T A A A T G A G G A C T C G T A T C A A C G G C A T T A C G A G G G C T A T A C T G T 
Rana chensinensls D Q 2 8 9 1 1 8 T G T T C T T T A A A T G A G G A C T C G T A T C A A C G G C A C T A C G A G G G C T A T A C T G T 
Eana chensinensls D Q 2 8 9 1 1 3 T G T T C T T T A A A T G A G G A C T C G T A T C A A C G G C A C T A C G A G G G C T A T A C T G T 
Rana dybovskii D Q 2 8 9 1 2 3 T G T T C T T T A A A T A G G G A C T T G T A T C A A C G G C A C T A C G A A G G C T A T A C T G T 
Rana huanrenensls D Q 2 8 9 1 2 2 T G T T C T T T A A A T G A G G A C T C G T A T C A A C G G C A C T A C G A G G G C T A T A C T G T 
Rana kunyuensls D Q 2 8 9 1 1 1 T G T T C T T T A A A T A G G G A C T T G T A T C A A C G G C A C T A C G A G G G T T A T A C T G T 
Rana longlcrus A B 0 5 8 8 8 1 T G T T C T T T A A A T G A G G A C T C G T A T C A A C G G C A C T A C G A G G G C T A T A C T G T 
Rana nigzomaculata D Q 3 5 9 9 9 1 T G T T C T T T A A A T A G G G A C T C G T A T C A A C G G C A T C A C G A G G G C T A T A C T G T 
Rana omeimontis D Q 2 8 9 1 0 8 T G T T C T T T A A A T G A G G A C T C G T A T C A A C G G C A C T A C G A G G G C T A T A C T G T 
Rana plancyi N C _ 0 0 9 2 6 4 T G T T C T T T A A A T A G G G A C T C G T A T C A A C G G C A T C A C G A G G G C T A T A C T G T 
Rana sauterl A B ¥ I 1 4 9 5 T G T T C T T T A A A T G G G G A C T C G T A T C A A C G G C A C T A C G A G G G C T A T A C T G T 
Rana zhengl D Q 2 8 9 1 0 3 TGTTCTTTAAATGAGGACTCGTATCAACGGCACTACGAGGGCTATACTGT 
Rana zhenhaiensis A Y 3 2 2 2 7 9 T G T T C T T T A A A T G A G G A C T C G T A T C A A C G G C A C T A C G A G G G C T A T A C T G T 
Xenopus laevis A Y 5 8 1 6 4 4 T G T C T T T T A A A T A A A G A C T G G T A T G A A T G G C A C C A C G A A G G T T C A A C T G T 
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Appendix 10. (continued) 
S a m p l e n a m e s ( C o d e s / A c c e s s i o n n o . ) 6 0 7 0 8 0 9 0 1 0 0 
——I——I——I——I——I——I——I——I——I——I 
H M l C T C C T T T T T C T A A T C A G T G A A A C T G A T C T C C C C G T G A A G A A G C G G G G A T T 
H M 2 C T C C T T T T T C T A A T C A G T G A A A C T G A T C T C C C C G T G A A G A A G C G G G G A T T 
H M 3 C T C C T T T T T C T A A T C A G T G A A A C T G A T C T C C C C G T G A A G A A G C G G G G A T T 
H M 4 C T C C T T T C T C C A A T C A G T G A A A C T G A T C T C C C C G T G A A G A A G C G G G G A T T 
H M 5 C T C C T T T T T C T A A T C A G T G A A A C T G A T C T C C C C G T G A A G A A G C G G G G A T T 
H M 6 C T C C T T T T T C T A A T C A G T G A A A C T G A T C T C C C C G T G A A G A A G C G G G G A T T 
H M 7 C T C C T T T T T C C A A T C A G T G A A A C T G A T C T C C C C G T G A A G A A G C G G G G A T C 
H M 8 C T C C T T T T T C T A A T C A G T G A A A C T G A T C T C C C C G T G A A G A A G C G G G G A T T 
H M 9 C T C C T T T T T C T A A T C A G T G A A A C T G A T C T C C C C G T G A A G A A G C G G G G A T T 
HMIO CTCCTTTCTCCAATCAGTGAAACTGATCTCCCCGTGAAGAAGCGGGGATT 
H R u l C T C C T T T C T C C A A T C A G T G A A A C T G A T C T C C C C G T G A A G A A G C G G G G A T G 
R A m l C T C C T T T T T C C A A T C A G T G A A A C T G A T C T C C C C G T G A A G A A G C G G G G A T C 
R A m 2 C T C C T T T T T C C A A T C A G T G A A A C T G A T C T C C C C G T G A A G A A G C G G G G A T C 
R A m 3 C T C C T T T T T C C A A T C A G T G A A A C T G A T C T C C C C G T G A A G A A G C G G G G A T C 
R A m 4 C T C C T T T T T C C A A T C A G T G A A A C T G A T C T C C C C G T G A A G A A G C G G G G A T C 
R A m 5 C T C C T T T T T C C A A T C A G T G A A A C T G A T C T C C C C G T G A A G A A G C G G G G A T C 
R C a l C T C C T T T C T C C A A T C A G T G A A A C T G A T C T C C C C G T G A A G A A G C G G G G A T T 
R D y l C T C C T T T T T C T A A T C A G T G A A A C T G A T C T C C C C G T G A A G A A G C G G G G A T T 
R D Y 2 C T C C T T T T T C T A A T C A G T G A A A C T G A T C T C C C C G T G A A G A A G C G G G G A T T 
R D y 3 C T C C T T T T T C T A A T C A G T G A A A C T G A T C T C C C C G T G A A G A A G C G G G G A T T 
R D y 4 C T C C T T T T T C T A A T C A G T G A A A C T G A T C T C C C C G T G A A G A A G C G G G G A T T 
R D y 5 C T C C T T T T T C T A A T C A G T G A A A C T G A T C T C C C C G T G A A G A A G C G G G G A T T 
R H u l C T C C T T T T T C T A A T C A G T G A A A C T G A T C T C C C C G T G A A G A A G C G G G G A T T 
R H u 2 C T C C T T T T T C T A A T C A G T G A A A C T G A T C T C C C C G T G A A G A A G C G G G G A T T 
R H u 3 C T C C T T T T T C T A A T C A G T G A A A C T G A T C T C C C C G T G A A G A A G C G G G G A T T 
R H u 4 C T C C T T T T T C T A A T C A G T G A A A C T G A T C T C C C C G T G A A G A A G C G G G G A T T 
R H u 5 C T C C T T T T T C T A A T C A G T G A A A C T G A T C T C C C C G T G A A G A A G C G G G G A T T 
Bufo gargarlzans A F 3 1 5 1 3 1 C T C C T T T T T C T A A T C A G T G A A A C T A A T C T C C C C G T G A A G A A G C G G G G A T A 
Hoplobatrachus rugulosus D Q 4 5 8 2 5 0 C T C C T T T C T C C A A T C A G T G A A A C T G A T C T C C C C G T G A A G A A G C G G G G A T G 
Rana amurensis D Q 2 8 9 1 1 0 C T C C T T T T T C C A A T C A G T G A A A C T G A T C T C C C C G T G A A G A A G C G G G G A T C 
Rana chaochlaoensis D Q 2 8 9 1 0 6 CTCCTTTTTCTAATCAGTGAAACTGATCTCCCCGTGAAGAAGCGGGGATC 
Rana catesbeiana D Q 2 8 9 1 2 7 C T C C T T T C T C C A A T C A G T G A A A C T G A T C T C C C C G T G A A G A A G C G G G G A T T 
Rana chensinensis A B 0 5 8 8 7 1 C T C C T T T T T C T A A T C A G T G A A A C T G A T C T C C C C G T G A A G A A G C G G G G A T T 
Rana chensinensis A F 3 1 5 1 3 2 C T C C T T T T T C T A A T C A G T G A A A C T G A T C T C C C C G T G A A G A A G C G G G G A T T 
Rana chensinensis D Q 2 8 9 1 1 7 C T C C T T T T T C T A A T C A G T G A A A C T G A T C T C C C C G T G A A G A A G C G G G G A T T 
Rana chensinensis D Q 2 8 9 1 1 8 C T C C T T T T T C T A A T C A G T G A A A C T G A T C T C C C C G T G A A G A A G C G G G G A T T 
Rana chensinensis D Q 2 8 9 1 1 3 C T C C T T T T T C T A A T C A G T G A A A C T G A T C T C C C C G T G A A G A A G C G G G G A T T 
Rana dybowskil D Q 2 8 9 1 2 3 C T C C T T T T T C T A A T C A G T G A A A C T G A T C T C C C C G T G A A G A A G C G G G G A T T 
Rana huanreziensls D Q 2 8 9 1 2 2 C T C C T T T T T C T A A T C A G T G A A A C T G A T C T C C C C G T G A A G A A G C G G G G A T T 
Rana kunyuensls D Q 2 8 9 1 1 1 C T C C T C T T T C C A A T C A G T G A A A C T G A T C T C C C C G T G A A G A A G C G G G G A T T 
Rana longicrus A B 0 5 8 8 8 1 C T C C T T T T T C C A A T C A G T G A A A C T G A T C T C C C C G T G A A G A A G C G G G G A T C 
R a n a nlgromaculata D Q 3 5 9 9 9 1 C T C C T T T C T C C A A T C A A T G A A A C T G A T C T C C C C G T G A A G A A G C G G G G A T T 
Rana omeimozitis D Q 2 8 9 1 0 8 C T C C T T T T T C C A A T C A G T G A A A C T G A T C T C C C C G T G A A G A A G C G G G G A T C 
Rana plazicyl N C _ 0 0 9 2 6 4 C T C C T T T C T C C A A T C A A T G A A A C T G A T C T C C C C G T G A A G A A G C G G G G A T T 
Rana sauterl A B 2 1 1 4 9 5 C T C C T T T T T C T A A T C A A T G A A A C T G A T C T C C C C G T G A A G A A G C G G G C A T C 
Rana zhengi D Q 2 8 9 1 0 3 C T C C T T T T T C C A A T C A G T G A A A C T G A T C T C C C C G T G A A G A A G C G G G G A T G 
Rana zhenhalensis A Y 3 2 2 2 7 9 C T C C T T T T T C C A A T C A G T G A A A C T G A T C T C C C C G T G A A G A A G C G G G G A T C 
Xenopus laevis A Y 5 8 1 6 4 4 C T C C T G C A T C T A A T C C A T T A A A C T G A C C T C C C C G T G C A G A G G C G G G G A T A 
2 3 0 
Appendix 10. (continued) 
S a m p l e n a m e s ( C o d e s / A c c e s s i o n n o . ) 1 1 0 1 2 0 1 3 0 1 4 0 1 5 0 
——I——I——I——I——I——I——I——I——I——I 
H M l A A A G T A T A A G A C G A G A A G A C C C C A T G G A G C T T T A A A C T C A C C - A T G C A C -
H M 2 A A A G T A T A A G A C G A G A A G A C C C C A T G G A G C T T T A A A C T C A C C - A T G C A C -
H M 3 A A A G T A T A A G A C G A G A A G A C C C C A T G G A G C T T T A A A C T C A C C - A T G C A C -
H M 4 A T A A T A T A A G A C G A G A A G A C C C C A T G G A G C T T T A A A C T C A T C - A T A C A C -
H M 5 A A A A T A T A A G A C G A G A A G A C C C C A T G G A G C T T T A A A C T C A C C - A T G C A C -
H M 6 A A A G T A T A A G A C G A G A A G A C C C C A T G G A G C T T T A A A C T C A C C - A T G C A C -
H M 7 A A A A T A T A A G A C G A G A A G A C C C C A T G G A G C T T T A A A C T C A C T - G T A C A C -
H M 8 A A A G T A T A A G A C G A G A A G A C C C C A T G G A G C T T T A A A C T C A C C - A T G C A C -
H M 9 A A A G T A T A A G A C G A G A A G A C C C C A T G G A G C T T T A A A C T C A C C - A T G C A C -
H M I O A T A A T A T A A G A C G A G A A G A C C C C A T G G A G C T T T A A A C T C A T C - A T A C A C -
H R u l A C A A T A T A A G A C G A G A A G A C C C C A T G G A G C T T T A A A C C C A A C G A C A C C C -
R A m l A A A A T A T A A G A C G A G A A G A C C C C A T G G A G C T T T A A A C T C A C T - G T A C A C -
R A m 2 A A A A T A T A A G A C G A G A A G A C C C C A T G G A G C T T T A A A C T C A C T - G T A C A C -
R A m S A A A A T A T A A G A C G A G A A G A C C C C A T G G A G C T T T A A A C T C A C T - G T A C A C -
R A m 4 A A A A T A T A A G A C G A G A A G A C C C C A T G G A G C T T T A A A C T C A C T - G T A C A C -
R A m 5 A A A A T A T A A G A C G A G A A G A C C C C A T G G A G C T T T A A A C T C A C T - G T A C A C -
R C a l A T A A T A T A A G A C G A G A A G A C C C C A T G G A G C T T T A A A C T C A T C - A T A C A C -
R D y l A A A G T A T A A G A C G A G A A G A C C C C A T G G A G C T T T A A A C T C A C C - A T G C A C -
R D y 2 A A A G T A T A A G A C G A G A A G A C C C C A T G G A G C T T T A A A C T C A C C - A T G C A C -
R D y 3 A A A G T A T A A G A C G A G A A G A C C C C A T G G A G C T T T A A A C T C A C C - A T G C A C -
R D y 4 A A A G T A T A A G A C G A G A A G A C C C C A T G G A G C T T T A A A C T C A C C - A T G C A C -
R D y 5 A A A G T A T A A G A C G A G A A G A C C C C A T G G A G C T T T A A A C T C A C C - A T G C A C -
R H u l G T A A T A T A A G A C G A G A A G A C C C C A T G G A G C T T T A A A C T C A C C - A T G C A C -
R H u 2 G T A A T A T A A G A C G A G A A G A C C C C A T G G A G C T T T A A A C T C A C C - A T G C A C -
R H u 3 G T A A T A T A A G A C G A G A A G A C C C C A T G G A G C T T T A A A C T C A C C - A T G C A C -
R H u 4 G T A A T A T A A G A C G A G A A G A C C C C A T G G A G C T T T A A A C T C A C C - A T G C A C -
R H u 5 G T A A T A T A A G A C G A G A A G A C C C C A T G G A G C T T T A A A C T C A C C - A T G C A C -
Bufo gargarizans A F 3 1 5 1 3 1 A A A C T A T A A G A C G A G A A G A C C C T A T G G A G C T T T A A A C A A T G C A G C A T C T G 
Hoplobatrachus rugulosus D Q 4 5 8 2 5 0 A C A A T A T A A G A C G A G A A G A C C C C A T G G A G C T T T A A A C C C A A C G A C A C C C -
Rana amurensls D Q 2 8 9 1 1 0 A A A A T A T A A G A C G A G A A G A C C C C A T G G A G C T T T A A A C T C A C T - G T A C A C -
Rana chaochiaoensls D Q 2 8 9 1 0 6 A A A A T A T A A G A C G A G A A G A C C C C A T G G A G C T T T A A A C T C T C T - G T G C A C -
Rana catesbeiana D Q 2 8 9 1 2 7 A T A A T A T A A G A C G A G A A G A C C C C A T G G A G C T T T A A A C T C A T C - A T A C A C -
Rana chensinensis A B 0 5 8 8 7 1 A T A A T A T A A G A C G A G A A G A C C C C A T G G A G C T T T A A A C T C A C C - A T G C A C -
Rana chensinensis A F 3 1 5 1 3 2 A T A A T A T A A G A C G A G A A G A C C C C A T G G A G C T T T A A A C T C A C C - A T G C A C -
R a n a chensinensis D Q 2 8 9 1 1 7 A T A A T A T A A G A C G A G A A G A C C C C A T G G A G C T T T A A A C T C A C C - A T G C A C -
J ? a n a chensinensis D Q 2 8 9 1 1 8 A T A A T A T A A G A C G A G A A G A C C C C A T G G A G C T T T A A A C T C A C C - A T G C A C -
Rana chensinensis D Q 2 8 9 1 1 3 A C A A T A T A A G A C G A G A A G A C C C C A T G G A G C T T T A A A C T C A C C - A T G C A C -
Rana dybowskii D Q 2 8 9 1 2 3 A A A G T A T A A G A C G A G A A G A C C C C A T G G A G C T T T A A A C T C A C C - A T G C A C -
J R a n a huanrenensls D Q 2 8 9 1 2 2 G T A A T A T A A G A C G A G A A G A C C C C A T G G A G C T T T A A A C T C A C C - A T G C A C -
R a n a kvinyuensis D Q 2 8 9 1 1 1 A T C A T A T A A G A C G A G A A G A C C C C A T G G A G C T T T A A A C T C A C C - A T A C A C -
Rana longxcrus A B 0 5 8 8 8 1 A A A A T A T A A G A C G A G A A G A C C C C A T G G A G C T T T A A A C T C T C T - G T A C A C -
Rana nigromaculata D Q 3 5 9 9 9 1 A A C C T A T A A G A C G A G A A G A C C C C A T G G A G C T T C A A A C T C A A C - A T A T A C -
Rana omeimontis D Q 2 8 9 1 0 8 A A A A T A T A A G A C G A G A A G A C C C C A T G G A G C T T T A A A C T C T C T - G T A C A C -
R A N A plancyx N C 一 0 0 9 2 6 4 A A C C T A T A A G A C G A G A A G A C C C C A T G G A G C T T C A A A C T C A A C - A T A T A C -
Rana sauterl A B ^ 1 1 4 9 5 A A A A T A T A A G A C G A G A A G A C C C C A T G G A G C T T T A A A C T C A C T - A T G C A C -
Rana zhengl D Q 2 8 9 1 0 3 AAAATATAAGACGAGAAGACCCCATGGAGCTTTAAACTCACC-ATGCAC-
Rana zhenhaiensis A Y 3 2 2 2 7 9 A A A A T A T A A G A C G A G A A G A C C C C A T G G A G C T T T A A A C T C T C T - G T A C A C -
Xenopus laevls A Y 5 8 1 6 4 4 C A A C C A T A A G A C G A G A A G A C C C T A T G G A G C T T A A A A C T A A A G - G C A A C T -
2 3 1 
Appendix 10. (continued) 
S a m p l e n a m e s ( C o d e s / A c c e s s i o n n o . ) 1 6 0 1 7 0 1 8 0 
. … I . . . • I … . I . . . • I • … I . … I . . . . I . . . . I . . . . I . . . . I 
H M l C T C T G T G C T C C T - A C A C C C T T A A A C A C A A T A G G T C T 
H M 2 C T C T G T G C T C C T - A C A C C C T T A A A C A C A A T A G G T C T 
H M 3 C T C T G T G C T C C T - A C A C C C T T A A A C A C A A T A G G T C T 
C T C T A T G C C C T A T A T C A A C T T A C A C A A G A A A C C T 
H M 5 C T C T G T G C C C C C C A T A T C C T T A A A C A C A A C G G A C C T 
H M 6 C T C T G T G C T C C T - A C A C C C T T A A A C A C A A T A G G T C T 
C T C T A T G T T C C T - A T A T C C T T A T A A C A C A A G A A A C C T 
H M 8 C T C T G T G C T C C T - A C A C C C T T A A A C A C A A T A G G T C T 
H M 9 C T C T G T G C T C C T - A C A C C C T T A A A C A C A A T A G G T C T 
H M I O C T C T A T G C C C T A T A T C A A C T T A C A C A A G A A A C C T 
H R u l C T C A A C C C C C C - - A A C C C A T T A T A G T T G C T A C A G C C C T 
R A m l C T C T A T G T T C C T - A T A T C C T T A T A A C A C A A G A A A C C T 
R A m 2 C T C T A T G T T C C T - A T A T C C T T A T A A C A C A A G A A A C C T 
R A m 3 C T C T A T G T T C C T - A T A T C C T T A T A A C A C A A G A A A C C T 
C T C T A T G T T C C T - A T A T C C T T A T A A C A C A A G A A A C C T 
R A m S C T C T A T G T T C C T - A T A T C C T T A T A A C A C A A G A A A C C T 
R C a l C T C T A T G C C C T A T A T C A A C T T A C A C A A G A A A C C T 
R D y l C T C T G T G C T C C T - A C A C C C T T A A A C A C A A T A G G T C T 
C T C T G T G C T C C T - A C A C C C T T A A A C A C A A T A G G T C T 
R D y 3 C T C T G T G C T C C T - A C A C C C T T A A A C A C A A T A G G T C T 
R D y 4 C T C T G T G C T C C T - A C A C C C T T A A A C A C A A T A G G T C T 
R D y 5 C T C T G T G C T C C T - A C A C C C T T A A A C A C A A T A G G T C T 
R H u l C T C T G T G C T C C T - A T A C C T T T A A A C A C A A C A G A C C T 
R H u 2 C T C T G T G C T C C T - A T A C C T T T A A A C A C A A C A G A C C T 
R H u 3 C T C T G T G C T C C T - A T A C C T T T A A A C A C A A C A G A C C T 
R H u 4 C T C T G T G C T C C T - A T A C C T T T A A A C A C A A C A G A C C T 
R H u 5 C T C T G T G C T C C T - A T A C C T T T A A A C A C A A C A G A C C T 
Bufo gargarlzans A F 3 1 5 1 3 1 C C C C A T A A C A C T A A A A T T T C C G A A T T T A A A C T C C C T G G A C A G T G T 
Hoplobatrachus rugulosus D Q 4 5 8 2 5 0 C T C A A C C C C C C C C A A C C C A T T A T A G T T G C T A C A G C C C T 
Rana amurensis D Q 2 8 9 1 1 0 C T C T A T G T T C C T - A T A T C C T T A T A A C A C A A G A A A C C T 
Rana chaochlaoensxs D Q 2 8 9 1 0 6 T T C T A T G C T C C C - A C A C C A T C A GACATAA GAAAACT 
Rana catesbelana D Q 2 8 9 1 2 7 C T C T A T G C C C T A T A T C A A C T T A C A C A A G A A A C C T 
Rana c h e n s i n e n s i s A B 0 5 8 8 7 1 C T C T G T G C T C C C - A T A C C C C T A A A C A C A A C A G A C C T 
R a n a chensinensis A F 3 1 5 1 3 2 C T C T G T G C T T T C - A T A C C C C T A A A C A C A A C A G A C C T 
Rana chensinensis D Q 2 8 9 1 1 7 C T C T G T G C T T T C - A T A C C C C T A A A C A C A A C A G A C C T 
Rana chensinensis D Q 2 8 9 1 1 8 C T C T G T G C T C C T - A T A C C C C T A A A C A C A A C A G A C C T 
Rana chensinensis D Q 2 8 9 1 1 3 C T C T G T G C T T T C - A T A C C C C T A A A C A C A A C A G A C C T 
Rana dybowskii D Q 2 8 9 1 2 3 C T C T G T G C T C C T - A C A C C C T T A A A C A C A A T A G G T C T 
Rana huanxenensis D Q 2 8 9 1 2 2 C T C T G T G C T C C T - A T A C C T T T A A A C A C A A C A G A C C T 
Rana kunyuensis D Q 2 8 9 1 1 1 C T C T A T G T T A C C - A T A T C C C - A T A G C A C A A G A G A C C T 
Rana longicrus A B 0 5 8 8 8 1 T T C T G T G T T C C T - A C A T C A T T A G A C A T A A G A A A T C T 
Rana nlgromaculata D Q 3 5 9 9 9 1 C T C T A C G C A C T T - A A A C C A C T T T A G C C C A A G A G A C C T 
Rana omeimontls D Q 2 8 9 1 0 8 T T C T G T G T T C C T - A C A T C A T T A G A C A T A A G A A A C C T 
Rana plancyl N C 一 0 0 9 2 6 4 C T C T A C G C A C T T - A A A C C A C T T T A G C C C A A G A G A C C T 
Rana sauteri A B 2 1 1 4 9 5 C T C T G T G C C C C T — — A C C A C A T A A C A C A A G T A G T C C T 
Rana zhengi D Q 2 8 9 1 0 3 C T C T A T G C C C T T - A T A T C A C T A A A C A T A A G A G A C C T 
Rana zhenhaiensis A Y 3 2 2 2 7 9 T T C T G T G T T C C T - A C A T C A T T A G A C A T A A G A A A T C T 
Xenopus laevis A Y 5 8 1 6 4 4 G C C A A C T T C A A C C T A A T C C G T A A G G A A A A A C A A T A A A A C A A G C A G A A A T T 
2 3 2 
Appendix 10. (continued) 
S a m p l e n a m e s ( C o d e s / A c c e s s i o n n o . ) 2 1 0 2 2 0 2 3 0 2 4 0 2 5 0 
——I——I——I——I——I——I——I——I——I——I 
H M l G C A T G T T A G T T T T A G G T T G G G G T G A C C A C G G A G T A T A A C T T A A C C T C C A T 
H M 2 G C A T G T T A G T T T T A G G T T G G G G T G A C C A C G G A G T A T A A C T T A A C C T C C A T 
H M 3 G C A T G T T A G T T T T A G G T T G G G G T G A C C A C G G A G T A T A A C T T A A C C T C C A T 
H M 4 G T A T G C T A G T T T T A G G T T G G G G G G A C C A C G G A G T A T A A T T A A A C C T C C A T 
H M 5 G C A T G C T A G T T T T A G G T T G G G G T G A C C A C G G A G T A C A A C T T A A C C T C C A C 
H M 6 G C A T G T T A G T T T T A G G T T G G G G T G A C C A C G G A G T A T A A C T T A A C C T C C A T 
H M 7 G T A C A T T A G T T T T A G G T T G G G G G G A C C A C G G A G T A C A A C T T A A C C T C C A T 
H M 8 G C A T G T T A G T T T T A G G T T G G G G T G A C C A C G G A G T A T A A C T T A A C C T C C A T 
H M 9 G C A T G T T A G T T T T A G G T T G G G G T G A C C A C G G A G T A T A A C T T A A C C T C C A T 
H M I O G T A T G C T A G T T T T A G G T T G G G G G G A C C A C G G A G T A T A A T T A A A C C T C C A T 
H R u l G T T C G T T G G T T T T A G G T T G G G G T G A C C G C G G A G T A T A A A T T A C C C T C C A C 
R A m l G T A C A T T A G T T T T A G G T T G G G G G G A C C A C G G A G T A C A A C T T A A C C T C C A T 
R A m 2 G T A C A T T A G T T T T A G G T T G G G G G G A C C A C G G A G T A C A A C T T A A C C T C C A T 
R A m 3 G T A C A T T A G T T T T A G G T T G G G G G G A C C A C G G A G T A C A A C T T A A C C T C C A T 
R A m 4 G T A C A T T A G T T T T A G G T T G G G G G G A C C A C G G A G T A C A A C T T A A C C T C C A T 
R A m 5 G T A C A T T A G T T T T A G G T T G G G G G G A C C A C G G A G T A C A A C T T A A C C T C C A T 
R C a l G T A T G C T A G T T T T A G G T T G G G G G G A C C A C G G A G T A T A A T T A A A C C T C C A T 
R D y l G C A T G T T A G T T T T A G G T T G G G G T G A C C A C G G A G T A T A A C T T A A C C T C C A T 
R D y 2 G C A T G T T A G T T T T A G G T T G G G G T G A C C A C G G A G T A T A A C T T A A C C T C C A T 
R D y 3 G C A T G T T A G T T T T A G G T T G G G G T G A C C A C G G A G T A T A A C T T A A C C T C C A T 
R D y 4 G C A T G T T A G T T T T A G G T T G G G G T G A C C A C G G A G T A T A A C T T A A C C T C C A T 
R D y 5 G C A T G T T A G T T T T A G G T T G G G G T G A C C A C G G A G T A T A A C T T A A C C T C C A T 
R H u l G C A T G T T A G T T T T A G G T T G G G G T G A C C A C G G A G T A T A A C T T A A C C T C C A C 
R H u 2 G C A T G T T A G T T T T A G G T T G G G G T G A C C A C G G A G T A T A A C T T A A C C T C C A C 
R H u 3 G C A T G T T A G T T T T A G G T T G G G G T G A C C A C G G A G T A T A A C T T A A C C T C C A C 
R H u 4 G C A T G T T A G T T T T A G G T T G G G G T G A C C A C G G A G T A T A A C T T A A C C T C C A C 
R H u 5 G C A T G T T A G T T T T A G G T T G G G G T G A C C A C G G A G T A T A A C T T A A C C T C C A C 
Bufo gargarizans A F 3 1 5 1 3 1 G A C T G C A C G T T T T T G G T T G G G G T G A C C A C G G A G C A T A A T A T A A C C T C C A T 
Hoplobatrachus rugulosus D Q 4 5 8 2 5 0 G T T C G T T G G T T T T A G G T T G G G G T G A C C G C G G A G T A T A A A T T A C C C T C C A C 
Rana amurensis D Q 2 8 9 1 1 0 G T A C A T T A G T T T T A G G T T G G G G G G A C C A C G G A G T A C A A C T T A A C C T C C A T 
Rana chaochiaoensis D Q 2 8 9 1 0 6 GCACACTAGTTTTAGGTTGGGGGGACCACGGAGTACAATTTAACCTCCAT 
Rana catesbeiana D Q 2 8 9 1 2 7 G T A T G C T A G T T T T A G G T T G G G G G G A C C A C G G A G T A T A A T T A A A C C T C C A T 
Rana chensinensis A B 0 5 8 8 7 1 G C A T G T T A G T T T T A G G T T G G G G T G A C C A C G G A G T A C A A C T T A A C C T C C A T 
R a n a chensinensis A F 3 1 5 1 3 2 G C A T G T T A G T T T T A G G T T G G G G T G A C C A C G G A G T A T A A C T T A A C C T G C A C 
Rana chensinensis D Q 2 8 9 1 1 7 G C A T G T T A G T T T T A G G T T G G G G T G A C C A C G G A G T A T A A C T T A A C C T C C A C 
Rana chensinensis D Q 2 8 9 1 1 8 G C A T G T T A G T T T T A G G T T G G G G T G A C C A C G G A G T A T A A C T T A A C C T C C A C 
Rana chensinensis D Q 2 8 9 1 1 3 G C A T G T T A G T T T T A G G T T G G G G T G A C C A C G G A G T A C A A C T T A A C C T C C A C 
Rana dybowskii D Q 2 8 9 1 2 3 G C A T G T T A G T T T T A G G T T G G G G T G A C C A C G G A G T A T A A C T T A A C C T C C A T 
Rana huanrenensis D Q 2 8 9 1 2 2 G C A T G T T A G T T T T A G G T T G G G G T G A C C A C G G A G T A T A A C T T A A C C T C C A C 
Rana kunyuensis D Q 2 8 9 1 1 1 G T A T G T T A G T T T T A G G T T G G G G G G A C C A C G G A G C A C A A C T T A A C C T C C A T 
Rana longicrus A B 0 5 8 8 8 1 G C A C A C T A G T T T T A G G T T G G G G G G A C C A C G G A G T A C A A T T T A A C C T C C A T 
Rana nigromaculata D Q 3 5 9 9 9 1 C T A T G T T A G T T T T G G G T T G G G G G G A C C G C G G A G T A A A A A T T A A C C T C C A C 
Rana omeimontis D Q 2 8 9 1 0 8 G C A C A C T A G T T T T A G G T T G G G G G G A C C A C G G A G T A C A A T T T A A C C T C C G T 
Rana plancyi N C _ 0 0 9 2 6 4 C T A T G T T A G T T T T G G G T T G G G G G G A C C G C G G A G T A A A A A T T A A C C T C C A C 
Rana sauteri A B ^ 1 1 4 9 5 G C A T A T T A G T T T T A G G T T G G G G G G A C C A C G G A G T A C A A A T T A A C C T C C A C 
Rana zhengi D Q 2 8 9 1 0 3 G C A T G A T A G T T T T A G G T T G G G G G G A C C A C G G A G T A T A A T A T A A C C T C C A C 
Rana zhenhaiensis A Y 3 2 2 2 7 9 G C A C A C T A G T T T T A G G T T G G G G G G A C C A C G G A G T A C A A T T T A A C C T C C A T 
Xenopus laevis A Y 5 8 1 6 4 4 G A C C T A A A G T T T T C G G T T G G G G C G A C C A C G G A G A A T A A A A A A T C C T C C T T 
2 3 3 
Appendix 10. (continued) 
S a m p l e n a m e s ( C o d e s / A c c e s s i o n n o . ) 2 6 0 2 7 0 
刚 1 AGCAAAT-GGGCTAA-TACCCTTATCCACGAGACACAACTCTAAGAATTA 
咖 2 AGCAAAT-GGGCTAA-TACCCTTATCCACGAGACACAACTCTAAGAATTA 
脳 3 AGCAAAT-GGGCTAA-TACCCTTATCCACGAGACACAACTCTAAGAATTA 
咖 4 AACAAAT-GGGCTAA-CACCCTTATCTACGAGATACACCTCTAAGAATTA 
咖 5 AGCAAAT-GGGCTAA-TACCCTTATCCACGAGACACAACTCTAAGAATTA 
脳 6 AGCAAAT-GGGCTAA-TACCCTTATCCACGAGACACAACTCTAAGAATTA 
咖 7 AACAAAT-GGGCTAA-CACCCTTATCCACGAGACACAACTCTAAGAATTA 
咖 8 AGCAAAT-GGGCTAA-TACCCTTATCCACGAGACACAACTCTAAGAATTA 
AGCAAAT-GGGCTAA-TACCCTTATCCACGAGACACAACTCTAAGAATTA 












如 Y 5 AGCAAAT-GGGCTAA-TACCCTTATCCACGAGACACAACTCTAAGAATTA 
RHUL AGCAAAT-GGGCTAA-TACCCTTATCCACGAGACACAACTCTAAGAATTA 
RHU2 AGCAAAT-GGGCTAA-TACCCTTATCCACGAGACACAACTCTAAGAATTA 
R H U 3 A G C A A A T - G G G C T A A - T A C C C T T A T C C A C G A G A C A C A A C T C T A A G A A T T A 
RHU4 AGCAAAT-GGGCTAA-TACCCTTATCCACGAGACACAACTCTAAGAATTA 
R H U 5 A G C A A A T - G G G C T A A - T A C C C T T A T C C A C G A G A C A C A A C T C T A A G A A T T A 
Bufo gargarlzans A F 3 1 5 1 3 1 GCTGAAA-GAATCTT TCTAAGCTAAGAACCACAAATC-AAGCATCA 
Hoplobatrachus rugulosus D Q 4 5 8 2 5 0 GACGAAT-GGGACTA-CCCCCTTACCCAAGAGCTACTCCTCTAAGGATCA 
R a n a amurensis D Q 2 8 9 1 1 0 A A C A A A T - G G G C T A A - C A C C C T T A T C C A C G A G A C A C A A C T C T A A G A A T T A 
KANA chaochlaoensis D Q 2 8 9 1 0 6 AACAAAT-GGGTTAATCACCCTTATCCACGAGACACACCTCTAAGAATTA 
R a n a catesbelana D Q 2 8 9 1 2 7 A A C A A A T - G G G C T A A - C A C C C T T A T C T A C G A G A T A C A C C T C T A A G A A T T A 
Rana chensinensis A B 0 5 8 8 7 1 A G C A A A C - G G G C T A A - T A C C C T T A T C C A C G A G A C A C A A C T C T A A G A A T T A 
J ^ a n a chensinensis A F 3 1 5 1 3 2 AGCAAAC-GGGCTAA-TACCCTTATCCACGAGACACAACTCTAAGAATTA 
R a n a chensinensis D Q 2 8 9 1 1 7 A G C A A A C - G G G C T A A - T A C C C T T A T C C A C G A G A C A C A A C T C T A A G A A T T A 
• R a n a chensinensis D Q 2 8 9 1 1 8 A G C A A A C - G G G C T A A - T A C C C T T A T C C A C G A G A C A C A A C T C T A A G A A T T A 
J ? a n a chensinensis D Q 2 8 9 1 1 3 A G C A A A C - G G G C T A A - T A C C C T T A T C T A C G A G A C A C A A C T C T A A G A A T T A 
K a n a dybotrskll D Q 2 8 9 1 2 3 A G C A A A T - G G G C T A A - T A C C C T T A T C C A C G A G A C A C A A C T C T A A G A A T T A 
RANA huanrenensis D Q 2 8 9 1 2 2 AGCAAAT-GGGCTAA-TACCCTTATCCACGAGACACAACTCTAAGAATTA 
R a n a kunyuensis D Q 2 8 9 1 1 1 A A C A A A T - G G G C T A A - C A C C C T T A T C C A C G A G A C A C A A C T C T A A G A A T T A 
R a n a longlcrus A B 0 5 8 8 8 1 A A C A A A T - G G G C T A A T T A C C C T T A T C C A C G A G A C A C A C C T C T A A G A A T T A 
i R a n a nigromaculata D Q 3 5 9 9 9 1 G A C A A A C - G G G C T T T A T G C C C T T A T C C A C G A A C T A C A A C T C T A A G A A T C A 
• R a n a omeimontxs D Q 2 8 9 1 0 8 A A C A A A T - G G G T T A A T T A C C C T T A T C C A C G A G A T A C A C C T C T A A G A A T T A 
R a n a plancyi N C _ 0 0 9 2 6 4 G A C A A A C - G G G C T T T A T G C C C T T A T C C A C G A A C C A C A G C T C T A A G A A T C A 
J R A N A sauteri A B 2 1 1 4 9 5 A A C A A A C - G G G C T A A - C A C C C T T A C C C A C G A G A C A C A A C T C T A A G A A T T A 
R a n a zhengl D Q 2 8 9 1 0 3 A A C A A A T - G G G C T A A - C A C C C T T A T C C A C G A G A C A C A A C T C T A A G A A T T A 
Rana zhenhalensls A Y 3 2 2 2 7 9 A A C A A A T - G G G C T A A T T A C C C T T A T C C A C G A G A C A C A C C T C T A A G A A T T A 
Xenopus laevls A Y 5 8 1 6 4 4 G A A G A A T A G G G T C T A C C A C C C T T A A C C A A G A A T C A C T A T T C T A A G T A A C A 
2 3 4 
Appendix 10. (continued) 
S a m p l e n a m e s ( C o d e s / A c c e s s i o n n o . ) 3 1 0 3 2 0 3 3 0 3 4 0 3 5 0 
. … I . . . . I . . . . I • . . . I . . . . I . . . . I . . . . I . . . . I . . . . I . . . . I 
H M l T T A A A C T A A T G C T T A C G A C C C G A T A - - T T C G A T C A A T G A A C T A A G T 
H M 2 T T A A A C T A A T G C T T A C G A C C C G A T A - - T T C G A T C A A T G A A C T A A G T 
H M 3 T T A A A C T A A T G C T T A C G A C C C G A T A - - T T C G A T C A A T G A A C T A A G T 
H M 4 C T A A A C T A A T G T T T A A T — — G A C C C A A T A A - T T T G A T C A A T G A A C C A A G T 
H M 5 T T A T A C T A A T G C T T A T T — — G A C C C G A T A - - T T C G A T C A A T G A A C C A A G T 
H M 6 T T A A A C T A A T G C T T A C G A C C C G A T A - - T T C G A T C A A T G A A C T A A G T 
H M 7 A T A G A C T A A T G C T T A T G A C C C G A T A - - T T C G A T C A A T G A A C C A A G T 
H M 8 T T A A A C T A A T G C T T A C G A C C C G A T A - - T T C G A T C A A T G A A C T A A G T 
H M 9 T T A A A C T A A T G C T T A C G A C C C G A T A - - T T C G A T C A A T G A A C T A A G T 
H M I O C T A A A C T A A T G T T T A A T — — G A C C C A A T A A - T T T G A T C A A T G A A C C A A G T 
H R u l A C A G A T T G A C G T A A A A T — — G A T C C A A G C A - T T T G A T C A A C G G A C C A A G T 
R A m l A T A G A C T A A T G C T T A T G A C C C G A T A - - T T C G A T C A A T G A A C C A A G T 
R A m 2 A T A G A C T A A T G C T T A T G A C C C G A T A - - T T C G A T C A A T G A A C C A A G T 
R A m 3 A T A G A C T A A T G C T T A T G A C C C G A T A - - T T C G A T C A A T G A A C C A A G T 
R A m 4 A T A G A C T A A T G C T T A T G A C C C G A T A - - T T C G A T C A A T G A A C C A A G T 
R A m 5 A T A G A C T A A T G C T T A T G A C C C G A T A - - T T C G A T C A A T G A A C C A A G T 
R C a l C T A A A C T A A T G T T T A A T — — G A C C C A A T A A - T T T G A T C A A T G A A C C A A G T 
R D y l T T A A A C T A A T G C T T A C G A C C C G A T A - - T T C G A T C A A T G A A C T A A G T 
R D y 2 T T A A A C T A A T G C T T A C G A C C C G A T A - - T T C G A T C A A T G A A C T A A G T 
R D y 3 T T A A A C T A A T G C T T A C G A C C C G A T A - - T T C G A T C A A T G A A C T A A G T 
R D y 4 T T A A A C T A A T G C T T A C G A C C C G A T A - - T T C G A T C A A T G A A C T A A G T 
R D y 5 T T A A A C T A A T G C T T A C G A C C C G A T A - - T T C G A T C A A T G A A C T A A G T 
R H u l C T A A A C T A A T G C T T A C G A C C C G A T A - - T T C G A T C C A T G A A C C A A G T 
R H u 2 C T A A A C T A A T G C T T A C G A C C C G A T A - - T T C G A T C C A T G A A C C A A G T 
R H u 3 C T A A A C T A A T G C T T A C G A C C C G A T A - - T T C G A T C C A T G A A C C A A G T 
R H u 4 C T A A A C T A A T G C T T A C G A C C C G A T A - - T T C G A T C C A T G A A C C A A G T 
R H u 5 C T A A A C T A A T G C T T A C G A C C C G A T A - - T T C G A T C C A T G A A C C A A G T 
Bufo gargarxzans A F 3 1 5 1 3 1 T A A G A T T G A C A T T C A T T T - - G A C C C A A T A T A C T T G A A C A A C G A A C C T - G T 
Hoplobatrachus rugulosus D Q 4 5 8 2 5 0 A C A G A T T G A C G T A A A A T — — G A T C C A A G C A - T T T G A T C A A C G G A C C A A G T 
Rana amurensis D Q 2 8 9 1 1 0 A T A G A C T A A T G C T T A T G A C C C G A T A - - T T C G A T C A A T G A A C C A A G T 
Rana chaochlaoensis D Q 2 8 9 1 0 6 T T A G A C T A A T G C T T A T G A C C C G A T A - - T T C G A T C A A T G A A C C A A G T 
Rana catesbeiana D Q 2 8 9 1 2 7 C T A A A C T A A T G T T T A A T — — G A C C C A A T A A - T T T G A T C A A T G A A C C A A G T 
Rana chensinensis A B 0 5 8 8 7 1 C T A A A C T A A T G C T T A C G A A C C G A T A - - T T C G A T C C A T G A A C C A A G T 
Rana chensinensis A F 3 1 5 1 3 2 C T A A A C T A A T G C T T A C G A C C C G A T A - - T T C G A T C C A T G A A C C A A G T 
Rana chensinensis D Q 2 8 9 1 1 7 C T A A A C T A A T G C T T A C G A C C C G A T A - - T T C G A T C C A T G A A C C A A G T 
Rana chensinensis D Q 2 8 9 1 1 8 C T A A A C T A A T G C T T A C G A C C C G A T A - - T T C G A T C C A T G A A C C A A G T 
Rana chensinensis D Q 2 8 9 1 1 3 C T A A A C T A A T G C T T A C G A C C C G A T A - - T T C G A T C C A T G A A C C A A G T 
Rana dybowskii D Q 2 8 9 1 2 3 T T A A A C T A A T G C T T A C G A C C C G A T A - - T T C G A T C A A T G A A C T A A G T 
Rana huanrenensis D Q 2 8 9 1 2 2 C T A A A C T A A T G C T T A C G A C C C G A T A - - T T C G A T C C A T G A A C C A A G T 
Rana kunyuensls D Q 2 8 9 1 1 1 C T A A A C T A A T G C T T A T G A C C C G A T A - - T T C G A T C A A T G A A C C A A G T 
Rana longlcrus A B 0 5 8 8 8 1 C T A A A C T A A T G C T T A T G A C C C G A T A — T T C G A T C A A T G A A C C A A G T 
J R a n a nigromaculata D Q 3 5 9 9 9 1 A T A A A C T G A T G T T T A T G A C C C G A T T A - T T C G A T C A A C G A A C C A A G T 
Rana omeimontls D Q 2 8 9 1 0 8 TTAAACTAATGCTTAT GACCCGATA--TTCGATCAATGAACCAAGT 
Rana plancyi N C _ 0 0 9 2 6 4 A T A A A C T G A T G T T T A T G A C C C G A T T A - T T C G A T C A A C G A A C C A A G T 
Rana sauteri A B 2 " l l 4 9 5 C T A A A C T A A T G C T T A C G A C C C G A T A - - T T C G A T C A A T G A A C C A A G T 
Rana zhengi D Q 2 8 9 1 0 3 TTAAACTAATGCTTAT GACCCGATA--ATCGATCAATGAACCAAGT 
Rana zhenhalensis A Y 3 2 2 2 7 9 T C A A A C T A A T G C T T A T G A C C C G A T A - - T T C G A T C A A T G A A C C A A G T 
Xenopus laevis A Y 5 8 1 6 4 4 - - A A A T T T A T G A C T A C A A T T G A T C C A G T C T A A C T G A T C A A C G A A C C A A G T 
2 3 5 
Appendix 10. (continued) 
S a m p l e n a m e s ( C o d e s / A c c e s s i o n n o . ) 3 6 0 3 7 0 3 8 0 3 9 0 4 0 0 
. … I . . . • I . . . . I . . . . I • . . . I . . . . I . . . . I . . . . I . . . . I . . . . I 
H M l T A C C C T G G G G A T A A - C A G C G C A A T C T A C T T C A A G A G C C C A T A T C G A C A A G 
H M 2 T A C C C T G G G G A T A A - C A G C G C A A T C T A C T T C A A G A G C C C A T A T C G A C A A G 
H M 3 T A C C C T G G G G A T A A - C A G C G C A A T C T A C T T C A A G A G C C C A T A T C G A C A A G 
H M 4 T A C C C T G G G G A T A A G C A G C G C A A T C T A C T T C A A G A G C C C C T A T C G A C A A G 
H M 5 T A C C C T G G G G A T A A - C A G C G C A A T C T A C T T C A A G A G C C C A T A T C G A C A A G 
H M 6 T A C C C T G G G G A T A A - C A G C G C A A T C T A C T T C A A G A G C C C A T A T C G A C 7 V A G 
H M 7 T A C C C T G G G G A T A A - C A G C G C A A T C T A C T T C A A G A G C T C A T A T C G A C A A G 
H M 8 T A C C C T G G G G A T A A - C A G C G C A A T C T A C T T C A A G A G C C C A T A T C G A C A A G 
H M 9 T A C C C T G G G G A T A A - C A G C G C A A T C T A C T T C A A G A G C C C A T A T C G A C A A G 
H M I O T A C C C T G G G G A T A A - C A G C G C A A T C T A C T T C A A G A G C C C C T A T C G A C A A G 
H R u l T A C C C T G G G G A T A A - C A G C G C A A T C C A T T T C A A G A G C T C C T A T C G A C A A A 
R A m l T A C C C T G G G G A T A A - C A G C G C A A T C T A C T T C A A G A G C T C A T A T C G A C A A G 
R A m 2 T A C C C T G G G G A T A A - C A G C G C A A T C T A C T T C A A G A G C T C A T A T C G A C A A G 
R A m 3 T A C C C T G G G G A T A A - C A G C G C A A T C T A C T T C A A G A G C T C A T A T C G A C A A G 
R A m 4 T A C C C T G G G G A T A A - C A G C G C A A T C T A C T T C A A G A G C T C A T A T C G A C A A G 
R A m 5 T A C C C T G G G G A T A A - C A G C G C A A T C T A C T T C A A G A G C T C A T A T C G A C A A G 
R C a l T A C C C T G G G G A T A A G C A G C G C A A T C T A C T T C A A G A G C C C C T A T C G A C A A G 
R D y l T A C C C T G G G G A T A A - C A G C G C A A T C T A C T T C A A G A G C C C A T A T C G A C A A G 
R D y 2 T A C C C T G G G G A T A A - C A G C G C A A T C T A C T T C A A G A G C C C A T A T C G A C A A G 
R D y 3 T A C C C T G G G G A T A A - C A G C G C A A T C T A C T T C A A G A G C C C A T A T C G A C A A G 
R D y 4 T A C C C T G G G G A T A A - C A G C G C A A T C T A C T T C A A G A G C C C A T A T C G A C A A G 
R D y 5 T A C C C T G G G G A T A A - C A G C G C A A T C T A C T T C A A G A G C C C A T A T C G A C A A G 
R H u l T A C C C T G G G G A T A A - C A G C G C A A T C T A C T T C A A G A G C C C A T A T C G A C A A G 
R H u 2 T A C C C T G G G G A T A A - C A G C G C A A T C T A C T T C A A G A G C C C A T A T C G A C A A G 
R H u 3 T A C C C T G G G G A T A A - C A G C G C A A T C T A C T T C A A G A G C C C A T A T C G A C A A G 
R H u 4 T A C C C T G G G G A T A A - C A G C G C A A T C T A C T T C A A G A G C C C A T A T C G A C A A G 
R H u 5 T A C C C T G G G G A T A A - C A G C G C A A T C T A C T T C A A G A G C C C A T A T C G A C A A G 
Bufo gargarlzans A F 3 1 5 1 3 1 T A C C C T A G G G A T A A - C A G C G C A A T C C A C T T C A A A A G C T C C T A T C G A C A A G 
Hoplobatrachus rugulosus D Q 4 5 8 2 5 0 T A C C C T G G G G A T A A - C A G C G C A A T C C A T T T C A A G A G C T C C T A T C G A C A A A 
Rana amurensis D Q 2 8 9 1 1 0 T A C C C T G G G G A T A A - C A G C G C A A T C T A C T T C A A G A G C T C A T A T C G A C A A G 
Rana chaochiaoensis D Q 2 8 9 1 0 6 T A C C C T G G G G A T A A - C A G C G C A A T C T A C T T C A A G A G C C C A T A T C G A C A A G 
Rana catesbeiana D Q 2 8 9 1 2 7 T A C C C T G G G G A T A A - C A G C G C A A T C T A C T T C A A G A G C C C C T A T C G A C A A G 
Rana chensinensis A B 0 5 8 8 7 1 T A C C C T G G G G A T A A - C A G C G C A A T C T A C T T C A A G A G C C C A T A T C G A C A A G 
Rana chensinensis A F 3 1 5 1 3 2 T A C C C T G G G G A T A A - C A G C G C A A T C T A C T T C A A G A G C C C A T A T C G A C A A G 
• R a n a chensinensis D Q 2 8 9 1 1 7 T A C C C T G G G G A T A A - C A G C G C A A T C T A C T T C A A G A G C C C A T A T C G A C A A G 
Rana chensinensis D Q 2 8 9 1 1 8 T A C C C T G G G G A T A A - C A G C G C A A T C T A C T T C A A G A G C C C A T A T C G A C A A G 
Rana chensinensis D Q 2 8 9 1 1 3 T A C C C T G G G G A T A A - C A G C G C A A T C T A C T T C A A G A G C C C A T A T C G A C A A G 
Eana dybowskii D Q 2 8 9 1 2 3 T A C C C T G G G G A T A A - C A G C G C A A T C T A C T T C A A G A G C C C A T A T C G A C A A G 
Rana huanrenensis D Q 2 8 9 1 2 2 T A C C C T G G G G A T A A - C A G C G C A A T C T A C T T C A A G A G C C C A T A T C G A C A A G 
Rana kunyuensis D Q 2 8 9 1 1 1 T A C C C T G G G G A T A A - C A G C G C A A T C T A C T T C A A G A G C T C A T A T C G A C A A G 
Rana longlcrus A B 0 5 8 8 8 1 T A C C C T G G G G A T A A - C A G C G C A A T C T A C T T C A A G A G C T C A T A T C G A C A A G 
Rana nlgromaculata D Q 3 5 9 9 9 1 T A C C C T G G G G A T A A - C A G C G C A A T C T A C T T C A A G A G C C C C T A T C G A C A A G 
Rana omeimontis D Q 2 8 9 1 0 8 TACCCTGGGGATAA-CAGCGCAATCTACTTCAAGAGCCCATATCGACAAG 
Rana plancyi N C _ 0 0 9 2 6 4 T A C C C T G G G G A T A A - C A G C G C A A T C T A C T T C A A G A G C C C C T A T C G A C A A G 
Rana sauteri A B J I 1 4 9 5 T A C C C T G G G G A T A A - C A G C G C A A T C T A C T T C A A G A G C C C A T A T C G A C A A G 
J R a n a zhengi D Q 2 8 9 1 0 3 T A C C C T G G G G A T A A - C A G C G C A A T C T A C T T C A A G A G C C C A T A T C G A C A A G 
Rana zhenhaiensis A Y 3 2 2 2 7 9 T A C C C T G G G G A T A A - C A G C G C A A T C T A C T T C A A G A G C C C A T A T C G A C A A G 
Xenopus laevis AY581644 TACCCTAGGGATAA-CAGCGCAATCCATTTCAAAAGTTCCTATCGACAAA 
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R C a l TAGGTTTACGACCTCGATGTTGGATCAGGGTATCC-TAGT-GGTGCAGCCGCTA 
R D y l TAGGTTTACGACCTCGATGTTGGATCAGGGTATCC-TGGT-GGTGCAGCCGCTA 
RDY2 TAGGTTTACGACCTCGATGTTGGATCAGGGTATCC-TGGT-GGTGCAGCCGCTA 
R D y 3 TAGGTTTACGACCTCGATGTTGGATCAGGGTATCC-TGGT-GGTGCAGCCGCTA 
RDY4 TAGGTTTACGACCTCGATGTTGGATCAGGGTATCC-TGGT-GGTGCAGCCGCTA 
RDY5 TAGGTTTACGACCTCGATGTTGGATCAGGGTATCC-TGGT-GGTGCAGCCGCTA 
R H u l TAGGTTTACGACCTCGATGTTGGATCAGGGTATCC-CGGT-GGTGCAGCCGCTA 
RHU2 TAGGTTTACGACCTCGATGTTGGATCAGGGTATCC-CGGT-GGTGCAGCCGCTA 
R H u 3 TAGGTTTACGACCTCGATGTTGGATCAGGGTATCC-CGGT-GGTGCAGCCGCTA 
R H u 4 TAGGTTTACGACCTCGATGTTGGATCAGGGTATCC-CGGT-GGTGCAGCCGCTA 
RHU5 TAGGTTTACGACCTCGATGTTGGATCAGGGTATCC-CGGT-GGTGCAGCCGCTA 
Bufo gargarizans AF315131 TGGGTTTACGACCTCGATGTTGGATCAGGGTCTTCCCAGTTGGTGCAGCCGCTA 
Hoplobatrachus rugulosus DQ458250 TGGGTTTACGACCTCGATGTTGGATCAGGGTACCC-AAGT-GGTGCAGCCGCTA 
Rana amurensis DQ289110 TAGGTTTACGACCTCGATGTTGGATCAGGGTATCC-CGGT-GGTGCAACCGCTA 
Rana chaochiaoensls DQ289106 TAGGTTTACGACCTCGATGTTGGATCAGGGTATCC-CGGT-GGTGCAGCCGCTA 
Rana catesbeiana DQ289127 TAGGTTTACGACCTCGATGTTGGATCAGGGTATCC-TAGT-GGTGCAGCCGCTA 
Rana chensinensls AB058871 TAGGTTTACGACCTCGATGTTGGATCAGGGTATCC-CGGT-GGTGCAGCCGCTA 
Rana chensinensls AF315132 TAGGTTTACGACCTCGATGTTGGATCAGGGTATCC-CGGT-GGTGCAGCCGCTA 
Rana chensinensls DQ289117 TAGGTTTACGACCTCGATGTTGGATCAGGGTATCC-CGGT-GGTGCAGCCGCTA 
Rana chensinensls DQ289118 TAGGTTTACGACCTCGATGTTGGATCAGGGTATCC-CGGT-GGTGCAGCCGCTA 
Rana chensinensls D Q 2 8 9 1 1 3 T A G G T T T A C G A C C T C G A T G T T G G A T C A G G G T A T C C - C G G T - G G T G C A G C C G C T A 
Rana dybowskil D Q 2 8 9 1 2 3 T A G G T T T A C G A C C T C G A T G T T G G A T C A G G G T A T C C - T G G T - G G T G C A G C C G C T A 
Rana huanrenensls D Q 2 8 9 1 2 2 T A G G T T T A C G A C C T C G A T G T T G G A T C A G G G T A T C C - C G G T - G G T G C A G C C G C T A 
Rana kunyuensls D Q 2 8 9 1 1 1 T A G G T T T A C G A C C T C G A T G T T G G A T C A G G G T A T C C - C G G T - G G T G C A A C C G C T A 
Rana longlcrus A B 0 5 8 8 8 1 T A G G T T T A C G A C C T C G A T G T T G G A T C A G G G T A T C C - C G G T - G G T G C A G C C G C T A 
Rana nlgromaculata D Q 3 5 9 9 9 1 T A G G T T T A C G A C C T C G A T G T T G G A T C A G G G T A T C C - T A G T - G G T G C A G C C G C T A 
Rana omeimontis D Q 2 8 9 1 0 8 T A G G T T T A C G A C C T C G A T G T T G G A T C A G G G T A T C C - C G G T - G G T G C A G C C G C T A 
Rana plancyi N C 一 0 0 9 2 6 4 T A G G T T T A C G A C C T C G A T G T T G G A T C A G G G T A T C C - T A G T - G G T G C A G C C G C T A 
Rana sauterl A B 2 1 1 4 9 5 T A G G T T T A C G A C C T C G A T G T T G G A T C A G G G T A T C C - T G G T - G G T G C A G C C G C T A 
Rana zhengl D Q 2 8 9 1 0 3 TAGGTTTACGACCTCGATGTTGGATCAGGGTATCC-CAGT-GGTGCAGCCGCTA 
Rana zhenhaiensis A Y 3 2 2 2 7 9 T A G G T T T A C G A C C T C G A T G T T G G A T C A G G G T A T C C - C G G T - G G T G C A G C C G C T A 
Xenopus laevis A Y 5 8 1 6 4 4 T G G G T T T A C G A C C T C G A T G T T G G A T C A G G G T A T C C - C A G T - G G T G C A G C C G C T A 
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Appendix 16. Similarity matrix of 12S rRNA gene 
region of crocodile meat samples and 
GenBank sequences 
“ 1 2 3 4 5 6 7 8 9 1 0 11 1 2 13 1 4 15 
1 c m a 3 1 / 
2 c m a 3 2 0 . 7 7 1 ！ 
3 c m a 3 3 0 . 7 7 1 1.000 / 
4 cma34 o.r>2i o.(>os 0 . 608 / 
5 cma35 0 . 5 9 9 0.588 o.58S 0 . 9 17 : 
6 cma36 0 . 6 2 5 0.640 0.640 0 , 6 8 2 0 . 6 7 2 
7 cma37 0 . 771 1 . 0 0 0 1 . 0 0 0 0 60s 0.588 0.640 / 
8 cma38 0.625 o.64o o,64o 0 . 682 0 . 6 72 1000 o.64o , 
9 cma39 0 , 6 : 0 0 . 6 35 0 . 635 0 . 6 80 o.67o 0 . 9 94 0 . 6 35 0 . 9 94 
10 Cma40 0.771 1.000 1.000 0.608 O088 0.640 1.000 0,640 0.6?5 / 
11 c m a 4 1 0.627 0.63S 0.63S 0.680 0.670 0.997 0.63S 0,997 0.992 0.638 / 
12 C m b S l 0.625 0.640 0.640 0.682 0.672 1.000 0.640 1 000 0.994 0.640 0.997 ！ 
13 cmb52 0 . 6 27 0 . 6 43 0.645 ox>85 0 . 6 75 0 . 9 9 7 0 . 6 43 0 . 9 9 7 0 . 9 9 2 0.643 0 . 9 9 4 0 . 9 9 7 / 
14 cmb53 0 . 6 2 5 0.640 0.640 0 . 6 82 0 . 6 72 1 . 0 0 0 0.640 1 . 0 0 0 0.994 0.640 0.997 1 . 0 0 0 0.997 / 
15 cmb54 0 . 6 2 5 0 640 0 640 0 . 682 0 . 6 72 1 . 0 0 0 0 640 1 . 0 0 0 0.994 0.640 0.997 1.000 0.997 1 . 0 0 0 / 
16 c m b 5 5 0 . 6 2 5 0 640 0.640 0 . 6 8 2 0.672 1.000 0.640 1.000 0.994 0.640 0.997 1.000 0.997 1.000 1.000 
17 cmb56 0 . 625 0 640 o.64o 0.682 0 . 672 1.000 0.640 1.000 0 . 994 omo 0 . 997 1.000 0 .997 1.000 1.000 
18 c m b 5 7 0 . 7 7 1 1 . 0 0 0 1 . 0 0 0 O.6O8 0..i88 OMO 1 . 0 0 0 0.640 0.653 1.0(H) 0.63S 0.640 0.643 0.640 0.640 
19 cmb58 0.625 O.MO 0.640 0M2 0 . 6 72 1.000 o.64o 1,000 0 . 9 94 0.640 0 . 9 9 7 1.000 0 . 9 97 1.000 1.000 
2 0 c m b 5 9 0 . 6 2 5 0 . 6 4 0 o . 6 4 o 0 . 6 8 2 0 . 6 7 2 i . o o o 0 . 6 4 0 i . o o o 0 . 9 9 4 o . 6 4 o 0 . 9 9 7 1 . 0 0 0 0 . 9 9 7 1 . 0 0 0 1 . 0 0 0 
21 c m c 7 1 a 0 . 7 7 1 1 . 0 0 0 1 . 0 0 0 O.6O8 0 . 5 8 8 0.640 1 . 0 0 0 0 . 6 4 0 0 . 6 3 5 1 . 0 0 0 0 . 6 ? 8 0.640 0.643 0.640 0.640 
2 2 c m c T l b 0 . 6 2 1 O 6 O 8 0 . 6 0 8 i.ooo 0 . 9 1 7 0 . 6 8 2 0 . 6 0 8 0 . 6 8 2 0 . 6 8 0 0 . 6 0 8 0 . 6 8 0 0 . 6 8 2 0.685 0 . 6 8 2 0 . 6 8 2 
23 c m d 8 1 0 . 7 7 1 l.OCtO 1 .000 0.r>0S O.SSS 0 640 1 .000 0.r>40 0.635 1 .000 0.638 0.640 0.643 0.640 0.640 
24 cmd82 0 . 6 2 5 o.64o 0/>40 0 . 682 o.(>72 1 . 0 0 0 o.cao 1 . 0 0 0 0 . 9 94 0 . 6 40 0 . 9 97 1.000 0 . 9 9 7 1.000 i.ooo 
2 5 c m d 8 3 0 . 6 2 7 0 . 6 4 3 0 . 6 4 3 o.685 0 . 6 7 5 0 . 9 9 7 0643 0 . 9 9 7 0 . 9 9 2 0 . 6 4 5 0 . 9 9 4 0 . 9 9 7 i.ooo 0 . 9 9 7 0 . 9 9 7 
2 6 C C O l 0.753 0 746 0.746 0 620 0.600 0.621 0 746 0 621 0.616 0.746 0.624 0 621 0.624 0 6：! 0.621 
2 7 CPOl 0.769 0.95S 0.958 0.603 0:581 0.63S 0.95S 0 638 0.633 0.958 0.635 0.638 0.640 0.6：>8 0.638 
2 8 C S O l 0.771 1.000 1.000 O.6O8 0.588 0.640 1.000 0.640 0.635 1 . 0 0 0 0.638 0.640 0.643 0.640 0.640 
2 9 V B O l 0.600 0,616 0.616 0.659 0.665 0.887 0.616 0.887 0.S82 0.616 0.884 0.887 0.S90 0.887 0.887 
3 0 V S O l 0.620 0 638 0.638 0.687 0.672 0.989 0.638 0.989 0.984 0.638 0.987 0.989 0.987 0.989 0.989 
31 A l l i g a t o r m i s s i s s i p p i e n s i s N C 0 0 1 9 2 2 i.ooo 0 . 7 7 1 0 . 7 7 i 0 . 6 2 1 0 . 5 9 9 0 . 6 2 5 1)771 0 . 6 2 0 0 . 7 7 1 0.621 0 . 6 2 5 0 . 6 2 7 0 . 6 2 5 0.625 
32 A l l i ga to r miss i s s ipp iens i s Y 1 3 I 1 3 1 . 0 0 0 0.771 0.111 0 .621 0 . 3 9 9 0625 0 . 771 0 . 6 25 0 . 6 2 0 0 . 771 0 . 6 27 0 . 625 0 . 6 27 0.6:5 0.625 
3 3 A l l i g a t o r s i n e n s i s A F 5 1 1 5 0 7 os4.i 0.788 0.788 0.6I8 0.607 0 . 6 3 0 0788 0.650 0 . 6 2 5 0.788 o.ey? 0.630 0 . 6 5 3 0.630 o.63o 
3 4 A l l i g a t o r s i n e n s i s N C 0 0 4 4 4 8 0 . 8 4 3 o.78S 0.788 0 . 6 i s 0 . 6 0 7 0.630 o.78S 0,630 0.625 o.78S 0.633 0 . 6 3 0 0 . 6 3 3 0 . 6 3 0 0 . 6 3 0 
3 5 C a iman crocodi lus A J 4 0 4 8 7 2 0 . 7 43 0.746 0 . 7 46 0 . 6 1 7 0.5% 0 . 6 14 0 . 7 46 o.6i4 0 . 6 0 9 0 . 7 46 0 . 6 I 6 0 . 6 14 0 . 6 1 6 0 . 614 0 . 614 
3 6 C a i m a n c r o c o d i l u s N C 0 0 2 7 4 4 0 . 7 4 3 0.746 0.746 o.on 0,598 0.614 0 . 7 4 6 0 . 6 1 4 0 . 6 0 9 0 . 7 4 6 0 . 6 I 6 o.6J4 0 . 6 I 6 0.614 0 . 6 1 4 
3 7 V a r a n u s d u m e r i l l i A F 0 0 4 4 8 6 0 . 5 4 8 0 . 5 4 7 0 . 5 4 7 0 . 6 2 8 0 . 6 1 1 o 7 6 9 0 . 5 4 7 0.169 0 . 7 5 9 0 . 5 4 7 0 . 7 6 6 0 . 7 6 9 0 . 7 7 1 o . 7 6 9 0 . 7 6 9 
3 8 C rocody lu s acutus U 5 9 6 7 0 0 . 7 62 0 . 9 55 0 . 9 55 0.600 0 . 5 76 0 . 6 3 0 0.955 0 . 6 30 0.625 0 . 9 55 0.633 0.630 0.633 o.(i3o 0 . 6 30 
39 C rocody lu s catapl i ractus A Y 1 9 5 9 0.782 0 . 914 0 . 9 14 0.621 0 . 601 0 . 6 26 0 . 9 14 0 . 6 26 0 . 621 0 . 9 14 0 . 6 2 9 o.m 0 . 6 2 9 0.626 0 . 6 26 
40 C rocody lu s johnsoni A Y 195942 0 . 7 7 9 0 . 9 3 8 0.938 0.603 0.586 0.635 0.938 0.633 0.628 0 . 9 3 s 0.635 0.633 oxx^ s 0.633 o.63? 
41 C r o c o d y l u s n i l o t i c u s A J 8 1 0 4 5 2 0 . 7 7 1 0 . 9 6 0 0 . 9 0 0 0.605 0 . 5 8 1 o.62s o.%o 0 . 6 2 8 0 . 6 2 3 0 . 9 6 0 0.630 0 . 6 2 8 o.6?o 0 . 6 2 8 0 . 6 2 s 
4 2 C r o c o d v l u s n i l o t i c u s N C 0 0 8 1 4 2 0 . 7 7 1 0 . 9 6 0 o.96o o . m 0.581 0 . 6 2 s 0 . 9 6 0 0.628 0 . 6 2 3 o.%o o.63o 0 . 6 2 8 0 . 6 3 0 0.628 0.6：& 
4 3 C r o c o d y l u s p o r o s u s A J 8 1 0 4 5 3 o,765 0 . 9 5 1 0 . 9 5 1 0 . 5 9 9 0 . 5 7 9 0 . 6 3 3 0 . 9 5 1 0.63? 0 . 6 2 8 0 . 9 5 1 o.63i 0.633 0 . 6 3 5 0 . 6 3 3 o.6?3 
4 4 Crocodylus porosus NC 008143 0.765 0.951 0.951 0.599 o..i79 0.6.^3 0.951 0.63? 0.628 0.951 0.631 0.63:1 0.635 0.633 o.m 
45 Crocodylus siamensis EF581859 0.759 0.997 0.997 0.605 0.586 0.638 0.997 0.638 0.633 0 . 9 9 7 0.635 o.63s o.64o 0.638 o.6?8 
4 6 P y t h o n c u r t u s A F 3 68060 0 . 5 9 7 0 . 5 7 6 0 . 5 7 5 0 . 9 0 9 0 . 9 4 5 0.664 0 . 5 7 6 OMA 0 . 6 6 2 0 . 5 7 6 0 . 6 6 2 0.664 0.667 0.664 0 . 6 似 
47 Py thon mo l ums A F 2 3 6 6 8 2 0 . 5 92 0.5.S3 o.5S3 0 .901 o m 0677 o.5S3 0 . 6 77 0 . 6 7 7 0.583 0 . 675 0 . 6 7 7 0.680 0 . 6 77 0.677 
4 8 P y t h o n reg ius A B 1 7 7 8 7 8 0 . 5 9 4 0.586 0 . 5 8 6 0 . 0 0 9 0 . 9 1 6 0 . 6 5 9 0.586 0 . 6 5 9 0 . 6 5 7 0.586 0.657 0 . 6 5 9 0.662 0 . 6 5 9 0.659 
4 9 P y t h o n ret iculatus Z 4 6 4 4 8 0 . 6 1 9 0.606 0 . 6 0 6 0 . 9 9 2 0 . 9 0 9 o.em 0 . 6 0 6 o.6si 0.678 0 . 6 0 6 o‘67s 0 . 6 8 1 o.6S3 0 . 6 8 1 0 . 6 8 1 
5 0 V a r a n u s acanthurus A F 0 0 4 4 7 8 0 . 5 3 9 0 . 5 5 0 0 . 5 5 0 0 . 6 1 0 o.m 0 . 7 1 6 0 . 5 5 0 ojie 0 . 7 1 6 0 . 5 5 0 0 . 7 1 9 0 . 7 1 6 0 . 7 1 9 0 . 7 1 6 0.716 
5 1 V a r a n u s a l b i g u l a i i s A F 0 0 4 4 8 0 0 . ^ 2 8 0 . 5 4 5 0 . 5 4 5 o . 5 S 6 0 . 5 8 6 0 . 7 1 3 0 . 5 4 5 0 . 7 1 3 0 . 7 1 : ? 0 5 4 5 0 . 7 1 0 0 , 7 1 3 0 . 7 1 3 0 . 7 1 3 0 . 7 1 3 
52 V a r a n u s b e n g a l e n s i s A F 0 0 4 4 8 2 0 . 5 1 2 0 . 5 1 5 0 . 5 1 ? 0 . 5 7 8 0 . 5 7 3 0 , 7 1 2 0 . 5 1 5 0 . 7 1 2 0 . 7 1 2 0 . 5 1 5 0 . 7 1 0 0 . 7 1 2 0 . 7 1 2 0 . 7 1 2 0 . 7 1 2 
53 V a r a n u s b r e v i c a u d a A F 0 0 4 4 8 4 0.546 0 . 5 5 1 0 . 5 5 1 0 . 5 8 2 0.563 0 . 7 1 5 0 . 5 5 1 0 . 7 1 5 0 . 7 1 5 0 . 5 5 1 0 . 7 1 8 o.7i5 0 . 7 1 5 0 . 7 1 5 0 . 7 1 5 
5 4 V a r a n u s e r e m i i i s A F 0 0 4 4 8 8 0 . 5 5 1 0 . 5 4 5 0 . 5 4 5 0 . 6 1 2 0.587 0 . 7 2 1 0 . 5 4 5 0 . 7 2 1 0 . 7 2 1 0 . 5 4 5 0 . 7 2 4 0 . 7 2 1 0 . 7 2 4 0 . 7 2 1 0 , 7 2 1 
5 5 V a r a n u s g i g a a t e u s A F 0 0 4 4 9 0 0 . 5 4 0 0542 0 . 5 4 2 0 . 5 7 3 0 . 5 5 3 0 . 7 0 4 0 . 5 4 2 0.704 0 . 7 0 4 0 . 5 4 2 0 . 7 0 7 0 . 7 0 4 0 . 7 0 7 0 . 7 0 4 0704 
56 V a r a n u s 只ouldii A F 0 0 4 4 9 2 0 . 5 3 7 0542 0 . 5 4 2 0.568 0 . 5 4 3 0 , 7 0 7 0 . 5 4 2 0 . 7 0 7 0 . 7 0 7 0542 ojm 0 . 7 0 7 0 . 7 0 7 0 . 7 0 7 0 . 7 0 7 
5 7 V a r a n u s i n d i c u s A F 0 0 4 4 9 4 0 . 5 4 2 0542 0 . 5 4 2 0 . 6 0 0 0 . 5 7 9 0 . 7 3 9 0 . 5 4 2 0.7^9 o . m 0542 0 . 7 4 2 0.7.^ 9 0 . 7 4 2 0 . 7 3 9 0 . 7 3 9 
58 Va r anus komodoens i s A B 0 8 0 2 7 5 0 . 6 u o.62s 0 . 6 28 0.636 0 . 617 o.87() o.62s os7o 0.865 0.628 0 . 8 73 o.s70 o.s7o o.87o 0.1^ 70 
5 9 Va r anus komoens i s A F 0 0 4 4 9 6 0.537 0 . 5 3 7 0 . 537 0 .571 0 . 7 13 0 . 5 3 7 0 , 7 13 0 . 7 13 o.5?7 0 . 715 0 . 7 1 ? o.7i3 0713 0 . 713 
6 0 V a r a n u s m e r t e n s i A F 0 0 4 4 9 8 0 . 5 4 2 0 . 5 4 2 0 . 5 4 2 0.568 0 . 5 4 3 0 . 7 0 4 0 . 5 4 2 o.m 0 . 7 0 4 0 . 5 4 2 0 . 7 0 7 0 . 7 0 4 0 . 7 0 7 0 . 7 0 4 o.7w 
61 Va ranus mi tche l l i A F 0 0 4 5 0 0 0 . 5 48 0 556 0 . 5 56 0.583 0 . 5 60 0 .701 0 . 5 5 5 0 .701 0 .701 0.556 0 . 7 03 0 . 701 0 . 7 0 ? 0 .701 0 .701 
62 Va ranus n i lot icus A B l 85327 0 . 6 07 0630 o6?o 0.662 0.649 0 85i o63o o.s5i a.s46 o63o 0854 0 851 o.s>i o,s5i o,85i 
63 V a r a n u s n i l o t i c u s A F 0 0 4 5 0 2 0 . 5 2 5 0525 0 . 5 2 5 0.584 0 . 5 7 5 0 . 7 0 8 0.52：) 0.708 0 . 7 0 s 0 . 5 2 ? 0 . 7 1 0 0 . 7 0 8 0 . 7 0 s 0 . 7 0 8 0 . 7 0 8 
64 Va ranus o l i vaceus A F 0 0 4 5 0 4 0 . 5 4 9 0 . 5 4 5 0 . 5 4 5 0 . 602 0 . 592 0 . 7 5 5 0 . 5 4 5 0 . 7 5 5 0 . 7 5 5 0 . 5 4 5 0 . 7 5 7 0 . 7 5 5 0 . 7 5 7 0 . 7 5 5 0 . 7 5 5 
65 V a r a n u s p i l b a r e n s i s A F 0 ( ) 4 5 0 6 0545 0 . 5 3 9 0 . 5 3 9 0 . 5 7 8 0 . 5 5 9 0 . 6 9 9 0 . 5 3 9 0 . 6 9 9 o.m 0 . 5 3 9 0 . 7 0 2 0 . 6 9 9 0 . 7 0 2 0 . 6 9 9 0.699 
6 6 Varanus pras inus A F 0 0 4 5 0 8 0 . 5 5 1 0 . 5 3 5 0 . 5 3 5 0 . 5 9 2 0.576 0 . 7 2 4 0 , 5 3 5 0 . 7 2 4 0 . 7 2 4 0.535 0 . 7 2 7 0 . 7 2 4 0 . 7 2 7 0 . 7 2 4 0 . 7 : 4 
67 V a r a n u s sa lvador i i A F ( ) 0 4 5 1 0 0 . 5 2 3 0 . 5 2 s 0 . 5 2 s oss] 0.566 0723 0 . 5 2 s 0 . 7 2 3 0 . 7 2 3 0 . 5 2 8 0 . 7 2 0 0.72:1 0 . 7 2 3 0 . 7 2 3 0 . 7 : 3 
68 Va ranus salvator A F 0 0 4 5 I 2 0 . 5 43 0 . 545 0 . 545 0 , 6 0 7 0 . 5 96 0 . 835 0 . 545 0.835 0 . 835 0 . 5 4 5 0.832 o.s35 0.^ 32 0.835 0 . & 3 5 
6 9 V a r a n u s tristis A F 0 0 4 5 1 6 0.529 0 . 5 5 3 0 . 5 5 3 0.567 0549 0 . 7 0 3 0 . 5 5 3 0 . 7 0 3 0 . 7 0 3 0.553 0 . 7 0 0 0 . 7 0 3 0 . 7 0 5 0 , 7 0 5 0 . 7 0 3 
7 0 V a r a n u s t imore i i s i s A F 0 0 4 5 1 4 0 . 5 2 1 0 . 5 2 1 0 . 5 2 1 0 . 5 7 7 0.567 0 . 7 0 8 0 . 5 2 1 0 . 7 0 8 a.708 0 . 5 2 1 0 . 7 1 0 0 . 7 0 8 0 , 7 1 0 0 . 7 0 8 0 . 7 0 8 
71 Va ranus var ius A F 0 0 4 5 1 8 0.516 0524 0 . 5 24 0 . 5 7 3 0 . 5 5 7 0 . 7 16 0 . 5 24 0 . 7 16 0.716 0 . 5 24 0 . 7 n 0 . 7 16 0 . 7 16 0.716 0 . 7 16 
243 
Appendix 18. (continued) 
-y^u� 17 18 19 2 0 21 22 2 3 2 4 25 2 6 2 7 2 8 2 9 3 0 31 32 
1 c m a 3 1 










12 c m b S l 




17 cmb56 i.ooo 
18 cmb57 o.64o o.64o 
19 cmb58 i ooo i.ooo o mo 
2 0 c m b 5 9 looo i.ooo o.r>4o i.ooo 
21 c m c 7 l a 0,640 0/>40 i.ooo 0.640 0.640 
2 2 c m c 7 1 b o.6S2 0.682 oxm 0.682 0.682 0.608 
2 3 CmdSl 0.640 0.640 1 . 0 0 0 0.640 0.640 i.ooo 0 . 6 0 8 / 
24 cmd82 1000 1.000 o.64o 1000 1000 0.(^ 0 0.682 0 640 
2 5 c m d 8 3 0.997 o . w 0.643 0.997 0.997 0.643 0.685 0.64? 0.997 ； 
2 6 C C O l 0.621 0.621 0.746 0.621 0 621 0.746 0.620 0.746 0.621 0.624 / 
2 7 C P O l 0.638 0.63S 0.958 0.658 0.5.>8 0.958 0.603 0.958 0.638 0.640 0.741 
28 CSOl 0.640 0.640 ].(M)0 0.640 0.640 1.000 0.608 1.000 0.640 0.643 0.746 0.958 
2 9 V B O l 0.887 0.887 0.616 0.!^ 87 0.S87 0.616 0.659 0,616 0,887 0.890 0.626 0,608 0.616 / 
3 0 V S O l 0.989 0.989 0,6?8 0.989 0.989 0.6?8 0.687 0.635 0.989 0.987 0.621 0.635 0.638 0.887 / 
31 Al l igator m i s s i s s i p p i e n s i s N C 0 0 1 9 2 2 0.625 0.625 0.771 0.625 0.625 0.771 0.621 0.771 0.6:3 0.6:7 0.75? o.769 0.771 0.600 0.620 
32 Al l igator miss iss ippiens is Y 1 3 113 o.6>s 0.6:5 0.771 0.625 o.6>5 0.771 0.621 0.771 0.625 0.627 0.753 0.759 0.771 0.600 0.620 
33 A l l igator sinensis A F511507 o.63o 0.630 0 .788 o.63o o.63o 0 .788 0.618 0 .788 o.r).;o 0.633 o.789 0 .733 o.78s 0 . 0 1 2 0.628 
34 Al l igator sinensis N C 004448 0.630 0.630 ojss o.r>30 0.630 0.788 0.618 0.788 0.630 0.633 0.789 o.7S3 0.788 0.612 0.628 
35 C a i m a n crocod i lus A J 4 0 4 8 7 2 0 . 6 1 4 o.6i4 0.746 0 . 614 0.614 0.746 0 . 6 1 7 0 . 7 4 6 0 . 6 1 4 0 .616 0.987 0 .741 0 .746 0 .619 0.614 
3 6 Ca iman crocod i lus N C 0 0 2 7 4 4 0.614 0.614 0.746 0.614 0.614 0.746 0.617 0,746 0.614 0.616 0.987 0.741 0.746 0.619 0.614 
3 7 Varanus dumeri l l i A F 0 0 4 4 8 6 0.769 0.769 0.547 0.769 0.769 0.547 0.628 0.547 0.769 0.771 0.552 0.545 0.547 0.754 o.76i 
38 Crocodylus acutus U 5 9 6 7 0 0.630 0.630 0.955 0.630 0.630 0.955 O.6OO 0.955 0.630 0.633 0.739 0.943 0.955 0.616 0,62S 
3 9 C r o c o d y l u s cataphractus A Y 1 9 5 9 0.626 0.026 0.914 0.626 0.626 0.914 0.62i 0.914 0.626 0.629 0.742 0.904 0.914 0.017 0.629 
4 0 C r o c o d y l u s jolmsoni A Y 1 9 5 9 4 2 0.633 o.m 0.633 nm 0.93s o.6o:> 0.938 0.633 0.635 0.741 0.941 0.938 0 . 6 I 6 o.eyo 
41 C r o c o d v l u s n i lo t icus A J 8 1 0 4 5 2 0.62s 0.62s o.%o 0.628 0.628 o.%o 0.605 0.960 0.62s o.63o 0.748 0.958 o.%o o,6i? 0.625 
4 2 C r o c o d v l u s n i lo t icus N C 0 0 8 1 4 2 0.628 o/cs o.%o 0.628 or,28 o.96o 0.605 o.%o 0.62s o.63o 0.74s 0.95s o.%o 0.6 i5 0.625 
4 3 C r o c o d v l u s p o r o s u s A J 8 1 0 4 5 3 0.633 0.6?3 0.951 0.63? 0.65> 0.951 0.599 O.95J 0.633 0.6?5 0.733 0.987 0.951 0.606 0.631 
44 Crocodyhis porosus NC 008143 o.63? 06.^3 0.951 o.63? o.63? 0.951 0599 0951 0633 o,6?5 0.733 o.9S7 0 9.m 0.606 0,6? 1 
4 5 C r o c o d y l u s s i a m e n s i s E F 5 8 1 8 5 9 o.63s 0.638 0.997 o.63s o.63k 0.997 0.605 0.997 0.638 o.64o 0.743 0.955 0.997 0.613 o.6?5 
4 6 P y t h o u c u r t u s A F 3 6 8 0 6 0 0.6<34 0.664 0.576 0.664 0.664 0.576 O.m 0.576 0.664 0.667 0.600 0.569 0.576 0.664 0.664 
4 7 Python molurus A F 2 3 6 6 8 2 0.677 0.677 0.583 0.677 0.677 o.583 0.901 o.583 0.677 0.680 0.002 0.570 0.583 0.675 0.677 
4 8 Python reg ius A B l 7 7 8 7 8 0.659 0659 0.586 0.659 0659 0.586 0.909 0.586 0559 0662 0607 0 583 0.586 oro? 0659 
4 9 Python reticulatus Z 4 6 4 4 8 0.681 0.681 0.606 0.681 0.68I 0.606 0.99： 0.606 0.68I o.6S3 0.6is 0.601 0.6O6 0.658 0.686 
50 Varanus acanthurus A F 0 0 4 4 7 8 0.716 0.716 0550 0.716 0.716 0.550 0.610 0,550 o.Jie 0.719 0.541 0.540 0.550 0.725 0.7里9 
51 Varaniis albigularis AF004480 o.7i3 0.713 om5 0.713 0.713 0.545 0.586 0.545 0.713 0 7u 0.5is 0.550 0.545 u.706 0.708 
5 2 V a r a n u s b e n g a l e n s i s A F 0 0 4 4 8 2 0.712 0.712 0.515 0.712 0.712 O.M5 o . m 0.515 0.712 0.712 0.525 0.515 0.515 0.776 0.712 
5 3 V a r a n u s b r e v i c a u d a A F 0 0 4 4 8 4 0.71 0.715 0.551 0.715 0.715 0.551 0.582 0.551 0.715 0.715 0.551 0.546 0.5^1 0.713 07n 
54 V a r a n u s e r e m i i i s A F ( ) 0 4 4 8 8 0.721 0.721 0.545 0.721 0.721 0.545 0.612 0.545 0.721 0724 0.558 0.550 0.545 0.700 0.724 
55 Varanus gij^anteus A F 0 0 4 4 9 0 0.704 0.704 0,542 0.704 0.704 0.5-12 0.573 0.542 0,704 0.707 0.533 0.542 0.342 0.701 0.702 
56 Varaiuis goii ldii A F 0 0 4 4 9 2 0.707 0.707 0.542 0.707 0.707 0.542 0.568 0542 0.71)7 0.707 0.542 o.?35 0.542 0.704 0.7(14 
57 V a r a n u s i n d i c u s A F 0 0 4 4 9 4 o.7?9 0.739 0542 0.759 o.7?9 0.542 0-600 0.542 0.739 0.742 0.539 O.M? 0.542 0.728 0.737 
58 Varanus komodoensis AB080275 o.87o o.m 0.628 o.87o o.S7o 0.628 0.656 0.628 o.87o o.87o 0.625 0.640 0.628 o.s?4 o.8<5S 
5 9 V a r a n u s k o m o e n s i s A F 0 0 4 4 9 6 0.713 0.713 0.537 0.7厂 o.7i? 0.537 0.571 0.537 0.713 0.713 0.557 0.547 o.5?7 0.701 0.710 
6 0 V a r a n u s m e r t e n s i A F 0 0 4 4 9 8 0,704 0.704 0.542 0.704 0.704 0.542 0.568 0.542 0.704 0.707 0.530 0.545 0.542 0.696 0,702 
61 Varanus mitchel l i A F 0 0 4 5 0 0 0.701 0.701 0.556 0.701 0.701 0.556 0.585 0.555 0.701 0.70? 0.55? 0.54^ 5 0.556 o.osi 0.698 
62 Varamis ni loticus AB185327 o.85i o.s5i 0.650 o,85i O.S.m O.6?O omi 0.630 0.851 o.s5i 0.628 0.635 o.63o 0.843 o.85i 
6 3 Varanus n i lo t icus A F 0 0 4 5 0 2 0.708 0.708 0.525 0.708 0.708 om? 0.584 0.325 0.708 0.708 0.525 0.530 0.525 o.no o.m 
64 Varanus ol ivaceus AF004504 0.755 0755 0.545 0755 0.755 0 >45 0.60: 0545 0.755 0.757 0,544 0545 0.545 0,736 0 747 
65 Varanus pi lbarensis A F 0 0 4 5 0 6 0.699 0.699 0.539 0.699 0.699 0.539 0.578 0.539 0.699 0.702 0.548 0.526 o.5?9 o.6si 0.696 
6 6 Varaniis prasiiuts A F 0 0 4 5 0 8 0.724 0.724 0.535 0,724 0.724 0.535 0.592 0535 0.724 0.727 0.549 0.535 0.535 0.728 0.721 
67 Varanus salvadorii A F 0 0 4 5 1 0 0.7:3 0.72? 0.528 0.7:3 0.723 0.52s 0.581 052s 0.723 0.72：! 0.528 0.537 0.528 0.721 0.725 
6 8 Varanus salvator AF004512 0,835 os35 0.^45 0.835 0.835 om? 0607 o.54< 0,835 iinn 0 . 5 3 3 0.540 0 . 5 4 5 0739 0.825 
6 9 V a r a n u s t r is t is A F 0 0 4 5 1 6 0.703 0.703 0.55? 0.70? 0.70? 0.55? 0.567 0.553 0.703 0.705 0.529 0.546 0.553 0.686 0.700 
70 V a r a n u s t i m o r e n s i s A F 0 0 4 5 1 4 o.7os 0.708 0.5:1 c.7os 0.70s 0.521 0.577 0.521 0.708 0.710 0.524 0.524 0.521 0.706 0.710 
71 V a r a n u s v a r i u s A F Q 0 4 5 1 8 0.716 0.716 0.5：4 o.7i6 0.716 0.5：4 0.573 q.524 0.716 o.7i6 0.517 0.529 Q.524 0.703 0.713 
244 
Appendix 18. (continued) 































31 Alligator mississippiensis N C 001922 
32 Ali i即 tor mississippiensis Y13113 i _ •‘ 
33 Alligator sinensis AF511507 0.843 0.843 / 
34 Alliiiator sinensis N C 004448 o.s43 o.843 i.ooo , 
35 Caiman crocodilus AJ404872 0.743 0.743 0.779 0 .779 
36 Caiman crocodilus N C 002744 0 .743 0.74.1 0 .779 0 .779 1.000 
37 Varanus dumerilli AF004486 0 .548 0 .548 0 .557 0.557 0545 0 .545 / 
38 Crocodylus acutus U59670 0.762 0.762 0,773 0.775 0 ,739 0 .739 0 . M 2 / 
39 Crocodylus cataphractus A Y 1959 0.782 0.782 0.769 o.769 0.737 o.7?7 0.546 0.901 / 
40 Crocodylus johnsoni AY195942 0 .779 0 .779 0 .793 0 .793 0 .741 0 .741 0 .547 0 .941 0 .897 ‘ 
41 Crocodylus niloticus AJ810452 0.771 0.771 0.783 0.783 0.748 0 .748 0 .545 0.980 0 .919 0 .950 
42 Crocodylus niloticus N C 008142 0 .771 0 .771 0.783 0748 0 .748 0 .545 o.m 0 .919 0 .950 1.000 
43 Crocodvlus porosus AJ810453 <)-765 0.766 c.782 0 .782 0733 0 .733 0 .541 0930 0 .897 0 .934 0 .951 0 .951 
44 Crocodvlus porosus N C 00 8 1 4 3 0.765 0.765 0 782 0 .732 0 .733 0733 0 .541 0 .936 0 .897 0 .934 0951 0.951 1.000 
45 Crocodylus siamensis EF58 1 8 5 9 0.769 0.769 0.785 0.78^  0.743 0.743 0.545 0.953 o.yi6 0.936 0.958 0.95s 0.948 o.94s / 
46 Python curtus AF368060 0 .597 0 .597 0 . 6 U 0 . 6 I I 0.598 0.598 O.6I5 0 .574 0.5S4 0 .571 0.57-1 0 ,574 0.565 0.565 0.574 
47 Python molurus AF236682 0 .592 0 .592 Q.6O6 0.606 0 600 0 .600 0.615 0 .571 0.592 o.5S3 0 .576 0.576 0 .572 0.57： 0.581 
48 Python regius A B l 7 7 8 7 8 0.594 0 .594 0 .606 o.m 0.605 0.605 0.6O6 0583 0 ,594 0.588 0,591 0.591 0.58： 0 .582 0.583 
49 Python reticulatus Z46448 0619 0.619 0 .617 o.6i7 0.6I6 o.6ir, 0.628 0 .599 0 .619 0.601 0 604 0.604 0 .597 0 .597 0 .604 
50 Varanus ac ant hums AF()04478 o.5?9 0 .539 0.546 0M6 0 .559 0 .539 0.853 0 .542 0 .541 0 .552 0.542 0 .542 o.5?8 o.5?8 0 .547 
51 Varauus albi.eularis AF004480 o..i28 0 .528 0.528 0,528 0 0 .513 0 .837 0 .537 0.529 0.545 o..i35 0.535 0.541 0.541 a.542 
52 Varanus bengalensis AF004482 0.512 0.512 0.522 0.522 0515 0.515 o.87i 0511 0.507 0.520 o.Mi 0.511 0.509 o.m 0.513 
53 Varanus brevicauda AF004484 o.M6 o.546 0.554 0.554 0.543 0.543 o.s48 0.545 O.ms 0.543 0.54? 0.542 0.542 0.548 
54 Varanus eremius AF004488 0.551 0.551 0.563 0.563 0.551 0.551 o.$59 0.547 0.54s 0.559 0.547 0.547 0.546 0.546 0.542 
55 Varauus giganteus AF004490 0 .540 0 .540 0 .547 0 .547 o.5.>o 0 .530 O.ms 0 .535 o.5?4 0 .547 o.5?3 0.533 0.541 0.541 0 .540 
56 Varanus gouldii AF004492 0 .537 0 .537 0 .547 0 .547 0 .537 0 .537 0 .835 0 ,553 0 .524 0.537 0 .530 o.5?o 0,533 o.5?3 0 .540 
57 Varanus indicus AF004494 o.?42 0 .542 0 .542 0.542 0 ,531 0.^ 31 o.89:i 0 ,550 0 .551 0.557 0 .550 0 .550 0.546 om6 0 .540 
58 Varanus komodoensis AB080275 o.6i4 0.614 0.621 0.621 o/,2i o.fi2i 0 .705 0 .625 0.626 0.530 0.623 0.623 o.63i 0.631 0 .625 
59 Varamis komoensis AF004496 o.5?7 0 .537 0 .539 0 .539 0.533 0 .533 0.839 0 .533 o.5?6 0 ,542 o.5?o o.5?o 0 .53s 0 .53s 0 .535 
60 Varanus mertensi AF004498 0 .542 0 .542 0 .540 0.540 0 .528 0.528 0.835 0.537 0 .543 0 .555 0 .540 0 .540 0 .543 0 .543 0 .540 
61 Varanus mitclielli AF004500 o.ms 0.548 0.562 o.56： 0546 0 .546 o.sso o?48 0 .551 0.558 0 .551 0.551 0 .544 o..-i4-i 0.553 
62 Varanus niloticus A B l 8 5 3 2 7 o,607 0 .607 o.en 0 . 6 ] 7 0 .626 0 .626 0 .705 0,630 0.636 0.628 0 63? 0.63? 0.62:; 0 .623 0.628 
63 Varanus niloticus AF004502 0 .525 0 .525 0.531 0.531 0 .523 0 .523 0 .847 0 . 5 : 3 0 ,534 0 .530 0 .525 0 .525 0.521 0.521 0.523 
64 Varanus olivaceus AF()04504 0.549 0.549 0 .552 0 .552 0.559 o.5?9 o.m 0 .542 0 .543 0 .555 0 .542 0 .542 0 . 5 4 � 0 . 5 4 1 0 .542 
65 Varanus pilbarensis AF004506 0 .543 0543 0 .552 0552 0541 0,541 0.8.^ 4 0524 0543 o.5:u 0526 0 .526 0525 0.525 0,5:^ 6 
6 6 Varanus prasinus AF004508 0 .551 0.551 0.546 o.546 0541 0 .541 0 .881 0 .533 0 .536 0 .547 o..-i35 oo?5 0 .533 0.^ 33 
67 Varanus salvadorii AF004510 0 .523 0 .523 0 .526 0 .526 0 .523 0.52} 0 .854 05i8 0 . 526 0 .530 0 .515 0 .515 0 .531 0 .531 0.525 
6 8 Varanus salvator AF004512 0.543 0.54? 0.547 0.547 0 .525 o..i35 0920 0 .533 0.531 0 .540 0 .530 0 .530 0.536 0.536 0 .542 
69 Varanus tristis AF004516 0.529 0 .529 0.54? o.m3 0 .524 0 .524 0 .827 0 .541 0 .5? 1 0 .551 0 5?9 o.5?9 0 .542 0 .542 0.551 
70 Varauus timorensis AF004514 « . 5 2 i 0 .5:1 0.521 0.521 0517 0 .517 0.856 0524 0 .521 0 .526 0.521 0.52] 0.515 0.515 0 .519 
71 Varanus varius AF004518 o.5i6 0.516 o.5i4 a5j4 0512 0.512 o.$45 0.521 0.521 0.529 o.5t9 0.519 0.527 0.527 0.521 
2 4 5 
Appendix 18. (continued) 




4 cma 34 
5 cma35 
6 cma36 
























31 Alligator mississippiensis NC 001922 
32 Alligator mississippiensis Y13113 
33 Alligator sinensis AF511507 
34 Alligator sinensis NC 004448 
35 Caiman crocodilus AJ404872 
36 Caiman crocodilus NC 002744 
37 Varanus dumerilli AF004486 
38 Crocodylus acutus IJ59670 
39 Crocodylus cataphractus AY 1959 
40 Crocodylus jolmsoiii AY195942 
41 Crocodylus niloticiis AJ810452 
42 Crocodylus niloticus N C 008142 
43 Crocodylus porosus AJ810453 
44 Crocodylus porosus NC 008143 
45 Crocodylus siamensis EF581859 
46 Python curtus AF368060 / 
47 PythoQ moliuus AF236682 0.922 / 
48 Python regius AB177878 0.911 0,903 ‘ 
49 Python reticulatus Z46448 0901 0.894 0.901 
50 Varanus acantluinis AF004478 o,584 0.605 0.591 0.610 ； 
51 Varanus albigularis AF004480 0.586 0.591 0.585 o5S6 0.834 
52 Varanus bengalensis AF004482 0573 0.578 0.567 0 57s as3i os24 : 
53 Varanus bievicauda AF004484 o.?62 0.569 o.sei 0.582 o.ssi 0.809 0.815 / 
54 Varaniis ereraius AF004488 0592 0.589 0.591 0.612 0.883 0.8O1 0.798 0.893 
55 Varanus giganteus AF004490 0.553 0.558 0.54： 0.573 0.862 0.813 0.804 0.869 o.svi • 
56 Varanus goiildii AF004492 0 . 5 4 8 0 . 5 6 1 0 . 5 5 4 0 5 6 S 0 . 8 6 8 ( ) .S22 O . S M O,S75 O.S^6 0 . 9 1 4 / 
57 Varanus indicus AF004494 0579 o.S82 o.58s 0600 0.874 0S44 0.834 0.857 0.877 0.868 0.856 
58 VaraniLS komodoensis AB080275 06I6 0.63.1 0.613 o.6.>4 0.731 0.706 o.6S3 0.736 0.721 0.743 0.734 0.727 .•‘ 
59 Varanus komoensis AF004496 0.548 0.565 0 . 5 4 7 0.571 osvi 0.841 0 814 0,875 o.s.-so 0.884 0.875 0 865 0.832 ‘ 
6 0 Varanus mertensi AF004498 0 . 5 5 3 0 . 5 5 3 0 , 5 3 7 0 . 5 6 8 0 . 8 7 8 O.SCM 0 . 7 9 2 om ossi 0 . 9 3 9 0 9 I 7 0 . 8 6 5 0 . 7 4 3 O.S84 
61 Varanus mitchelli AF004500 0 5 6 5 0 . 5 6 3 0.577 0 . 5 8 3 0 . 8 8 1 O8O2 0 . 7 8 7 0 . 8 7 6 0 . 8 6 3 0 . 8 5 7 0 . 8 6 6 0 . 8 5 1 0 . 7 2 7 0 , 8 € 6 0 . 8 5 4 
62 Varanus niloticus AB185327 0 6 4 7 0 . 6 5 4 OM? O .66O 0.701 0.741 0 . 6 9 0 O.fiSS 0 . 6 8 3 0 , 6 7 6 0 6 7 4 O.7I6 0.837 0.700 0 . 6 8 4 
63 Varanus niloticus AF004502 o.5g2 0.578 0.584 0.83： o.ss? 0.831 0.821 o.si? 0.S14 o.sos o.xse 0.70s o.s42 o.s23 
64 Varanus olivaceus AF004504 O.5Y4 0 5 9 4 O , ? 8 6 0 6 0 2 O S 6 2 oss:. (I.s44 0 . 8 7 5 O.SRO O.S7S ( I S 5 3 0 . 9 2 3 O 7 > O 0 . 8 9 3 O.S65 
65 Varanus pilbaieiisis AF004506 0 . 5 5 8 0,573 0.556 0 . 5 7 S 0.882 0 . 7 8 6 0 . 7 8 6 0 . 8 6 4 0 , 8 6 7 0,861 0 . 8 6 4 0 , 8 4 0 0 . 7 1 2 0 . 8 4 6 0 . 8 5 8 
6 6 VaraiuLs prasinus AF004508 0 582 0.584 0.571) 0.592 0.864 0.803 0.837 0.858 0.858 0,853 0.835 0.868 0.723 0.862 o.84i 
67 Varaiius salvadorii AF0045I0 ose.? 0.568 0.5^ 2 o.ssi 0 . 8 6 8 o.g^ s o.838 0.854 o.sso o.ss? 0.875 0.890 0.774 0.923 o.s?? 
68 Varanus salvator AF004512 0.592 0.602 0.586 0.607 o.S56 0.553 o.s52 0 .854 0 .862 o.84i o,s44 0.884 0.715 o.S5i o.84i 
69 Varanus tristis AF0045J6 0552 0.567 0.556 0.567 o.s7i osi4 0.783 o.an 0.875 0 . 8 6 6 0 . 8 6 6 oMi 0.727 0 . 8 6 6 o.m 
7 0 V a r a i u L S t i m o r e n s i s A F 0 0 4 5 1 4 0 5 6 9 0 . 5 6 4 o . s e i 0 . 5 7 7 0 . 8 9 6 0 . 8 3 5 0 . 8 1 4 0 . 8 6 6 o .SEO O.G.M 0 . 8 4 8 0 . 8 6 6 0 . 7 3 7 O.STS 0 . 8 6 0 
71 Varamis varius AF004518 o-^ eo 0.560 0 . 5 5 4 0 . 5 7 ? 0 . 8 6 6 0.839 o.so? 0.869 0.842 0.861 0 . 8 6 6 O.STS O.76O 0.905 0 . 8 7 6 
2 4 6 
Appendix 16. (continued) 
— 61 62 63 64 65 66 67 68 69 70 71 
1 cma31 
2 c m a 3 2 
3 c m a 3 3 
4 c m a 3 4 
5 ci-na35 
6 c m a 3 6 
7 etna 3 7 
8 cnia38 
9 c m a 3 9 
10 c m a 4 0 
11 cma41 
12 cn ibSl 
13 c m b 5 2 
14 c m b 5 3 
15 c m b 5 4 
16 c m b 5 5 
17 c m b 5 6 
18 c m b 5 7 
19 c m b 5 8 
2 0 c m b 5 9 
21 c m c 7 1 a 
2 2 c m c 7 1 b 
23 cmd81 
2 4 c m d 8 2 
25 c m d 8 3 
2 6 CCOl 
27 CPOl 
28 CSOl 
2 9 VBOl 
3 0 VSOl 
31 Alligator iniss iss ippiensis N C 0 0 1 9 2 2 
32 All igator iniss iss ippiensis Y I 3 1 1 3 
33 Al i i即 tor s inensis A F 5 1 1 5 0 7 
34 All igator s inensis N C 0 0 4 4 4 8 
35 Caiman crocodllus AJ404872 
36 Caiman crocodllus N C 0 0 2 7 4 4 
37 Varanus dumerilli A F 0 0 4 4 8 6 
38 Crocodylus acutus U 5 9 6 7 0 
39 Crocodylus cataphractus A Y 1959 
4 0 Crocodylus; iohnsoni A Y 195942 
41 Crocodylus niloticus A J 8 1 0 4 5 2 
42 Crocodvlus niloticus N C 0 0 8 1 4 2 
43 Crocodylus porosus AJ8 i 0453 
44 Crocodvlus porosus N C 0 0 8 1 4 3 
45 Crocodylus siameiisis E F 5 8 1 8 5 9 
4 6 Python curtus A F 3 6 8 0 6 0 
47 Python molurus A F 2 3 6 6 8 2 
48 Python renins A B 1 7 7 8 7 8 
49 Python reticulatus Z46448 
50 Varanus acanthurus A F 0 0 4 4 7 8 
51 Varanus albi卯lai-is A F 0 0 4 4 8 0 
52 Varaniis beiiRaleiisis A F 0 0 4 4 8 2 
53 Varanus brevicauda A F 0 0 4 4 8 4 
54 Varanus e iemius A F 0 0 4 4 8 8 
55 Varanus gi^auteiis A F 0 0 4 4 9 0 
56 Varanus gouldii A F 0 0 4 4 9 2 
57 Varanus indicus A F 0 0 4 4 9 4 
58 Varanus komodoens i s A B 0 8 0 2 7 5 
59 Varanus komoens is A F 0 0 4 4 9 6 
60 Varanus mertensi A F 0 0 4 4 9 8 
61 Varanus mitchelli A F 0 0 4 5 0 0 
62 Varanus niloticus A B 185327 o.663 ！ 
63 Varanus niloticus A F 0 0 4 5 0 2 0.797 0.830 / 
6 4 Varanus ol ivaceus A F 0 0 4 5 0 4 0.854 0.711 o s 5 o / 
65 Varanus pilbarensis A F 0 0 4 5 0 6 0.912 0.661 0.792 0.846 
66 Varanus prasiinis A F 0 0 4 5 0 8 0.844 0.673 0.807 0.889 0.831 / 
67 Varanus salvadorii A F 0 0 4 5 1 0 o.848 0.700 0.842 o.89? 0.837 0 .868 
68 Vaianiis salvator A F 0 0 4 5 1 2 0.836 0.708 0.847 0.902 0.854 0.865 0.863 / 
69 Varanus tristis A F 0 0 4 5 1 6 0.893 0.670 0.803 0,857 0.894 0.820 0.860 0.839 •‘ 
70 Varanus timorensis AF004514 0.887 0.692 0.827 0.869 0.885 0.829 0.890 0.845 0.893 / 
71 Varanus varius A F 0 0 4 5 1 8 0.854 0.688 0.821 o.ssi 0.84.; o.85i 0.906 0.854 0.845 0.882 : 






























































































i 2 3 4 5





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Appendix 18. Similarity matrix of cytochrome b 
gene region of crocodile meat samples and 
GenBank sequences 
—：~ u 1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6 
1 c m a 3 1 • 
2 c m a 3 2 0.745 ！ 
3 c m a 3 3 0.745 1.000 / 
4 c m a 3 4 0.544 0.644 0.644 ； 
5 c m a 3 5 0.630 0.620 0.6:0 0.894 
6 c m a 3 6 0.664 0.654 0.654 0.708 o.esi / 
7 c m a 3 7 0.745 1.000 1,000 0.644 0.620 0.654 / 
8 c m a 3 8 0.664 0.654 0.654 0.708 o.esi 1.000 0.654 / 
9 c m a 3 9 0.664 0.654 0.654 0.708 0.681 1.000 0.654 1.000 / 
1 0 c m a 4 0 0.745 1.000 1,000 0.644 0.620 0.654 1.000 0.654 0.654 
1 1 c m a 4 1 0.664 0.654 0.654 0.708 0.681 1.000 0.654 1.000 1.000 0.654 / 
1 2 C m b S l 0.664 0.654 0.654 0.708 0.681 1.000 0.654 1.000 1.000 0.654 1.000 : 
1 3 c m b 5 2 0.664 0.654 0.654 0.708 0.681 1.000 0 654 I 000 1.000 0.654 I 000 1,000 / 
1 4 c m b 5 3 0.664 0.654 0.654 0.708 o.esi 1.000 0.654 1.000 1.000 o.654 1.000 1.000 1.000 / 
1 5 c m b 5 4 0 664 0.654 0.654 0.708 0.681 I 000 0.654 1.000 1.000 0.654 1.000 1.000 1 000 1000 i 
1(3 c m b 5 5 0.664 0.654 0.654 0.708 0.681 1.000 0.654 1.000 1.000 0.654 1,000 1.000 1.000 1.000 1.000 : 
1 7 c m b 5 6 0,664 0.654 0.654 0,708 0.681 1,000 0,654 1.000 1.000 0.654 1.000 1,000 1,000 1,000 i.OOO 1,000 
c m b 5 7 0.745 1.000 l.OOO 0.644 0.620 0.654 1.000 0.654 0,654 1.000 0.654 0,654 0.654 0,654 0.654 0.654 
c r a b s 8 0.664 0.654 0.654 0.708 0.681 1.000 0.654 1.000 1.000 0,654 1.000 1.000 1.000 1,000 1,000 1,000 
2 0 c m b 5 9 0.664 0.654 0.654 0,708 0.681 1.000 0.654 1.000 1.000 0.654 1.000 i.OOO 1.000 1.000 1.000 1,000 
2 1 C m c 7 1 a 0 . 7 4 5 1 . 0 0 0 1 . 0 0 0 0 . 6 4 4 0 . 6 2 0 o , 6 m 1 , 0 0 0 0 . 6 5 4 0 . 6 5 4 1 . 0 0 0 0 . 6 5 4 0 . 6 5 4 0 . 6 5 4 0 . 6 5 4 0 . 6 5 4 0 . 6 5 4 
2 2 c m c v i b 0.644 0.644 0.644 J 000 0.S94 0.708 0.M4 0.708 0.708 0.644 0.708 0.708 0.708 0,708 0,708 0.70S 
2 3 C m d S i 0.745 l.OOO l.OOO 0.644 0.620 0.654 1,000 0.654 0.654 J .000 0.654 0.654 0,654 0,654 0,654 0,654 
2 4 c m d 8 2 0.664 0.654 0.654 0,708 0.681 1.000 0.654 1.000 1,000 0.654 J.000 1.000 1,000 1,000 1.000 1.000 
2 5 c m d 8 3 0.664 0.654 0.654 0.708 0.681 1.000 0.654 1.000 1.000 0.654 1.000 1.000 1.000 1.000 1.000 1.000 
2 6 C C O l 0.S30 0.749 0 749 0.661 0.630 0.667 0.749 0.667 0.667 0.749 0.667 0.667 0 667 0,667 0,667 0.667 
2 7 C P O l 0.725 0.89S 0 898 0,627 0.600 0.661 0.898 0.661 0.661 0.898 0.661 0.661 0.661 0.661 0.66 丨 0.661 
2 8 C S O l 0.745 1.000 1.000 0.644 0.620 0.654 1,000 0.654 0.654 1.000 0.654 0,654 0.654 0.654 0,654 0.654 
2 9 V B O l 0.627 0.650 0 650 0.671 0.667 0.806 0.650 0.806 0.806 0.650 0.806 0.806 0.806 0.806 0,806 0.806 
3 0 V S O l 0.664 0.654 0 654 0.708 0.681 1.000 0.654 1.000 1.000 0.654 1.000 1.000 1.000 1.000 1,000 1.000 
3 1 A l l i g a t o r m i s s i s s i p p i e n s i s N C 0 0 1 9 2 2 i.ooo 0.745 0.745 0.644 o.6?o 0.664 0.745 0.664 0.664 0.745 0.664 0.664 0.664 0.664 0.664 0.664 
3 2 A l l i g a t o r m i s s i s s i p p i e n s i s Y 1 3 1 1 3 1.000 0.745 0745 0 644 o.6?o 0.664 0.745 0.664 0.664 0.745 0.664 0.664 o.ew o.664 0.664 0.664 
3 3 A l l i g a t o r s i n e n s i s A F 5 1 1 5 0 7 o.sso 0 . 7 2 5 0 , 7 2 5 0 . 6 2 0 0,603 0,650 0 . 7 2 5 0.650 0 . 6 5 0 0 . 7 2 5 0 . 6 5 0 0 . 6 5 0 0 , 6 5 0 o.65o 0 . 6 5 0 0 . 6 5 0 
3 4 A l l i g a t o r s i n e n s i s N C 0 0 4 4 4 8 o.sso 0 . 7 2 5 0 . 7 2 5 0 . 6 2 0 0 . 6 0 3 o,65o 0 . 7 2 5 0 . 6 5 0 0.650 0 . 7 2 5 0 . 6 5 0 0 . 6 5 0 0.650 o.eso 0 . 6 5 0 o m 
3 5 C a i m a n c r o c o d i l u s A J 4 0 4 8 7 2 0.S27 0.745 0.745 0 650 0.627 0.661 0.745 0.661 0,661 0.745 0661 0.661 0.661 0.661 0.661 0.661 
3 6 C a i n i a u c r o c o d i l u s N C 0 0 2 7 4 4 0.S27 0.745 0.745 o.65o 0.627 0.661 0.745 0.661 0.661 0.745 0.661 0.661 0.661 0.661 o,66i 0.661 
3 7 C r o c o d v l u s a c u t u s A F 1 5 9 0 2 9 0.216 0.210 0.210 0.203 0.196 0.216 0.210 0.216 0.216 0.210 0.216 0.216 0.216 0.216 0.216 0.216 
3 8 C r o c o d v l u s a c u t u s E U 0 3 4 5 8 2 0.216 0.210 0210 0.203 0,196 0.216 0.210 0.216 0.216 0.210 0.216 0.216 0.216 0.216 0.216 0.216 
3 9 C r o c o d v l u s c a t a p h r a c t u s A Y 2 3 9 1 0.225 0.220 0 220 0.247 0.244 o.;o6 0.220 0.206 0.206 0.220 0.206 0.206 0.206 0.206 0.206 0.206 
4 0 C r o c o d v l u s i n t e n n e d i u s A Y 2 3 9 1 6 0.216 0.203 0.203 0.233 o.2?o 0.1% 0.203 0.196 o.i96 0.20? 0.1% o.i96 0.1% o.i96 0.196 o . m 
4 1 C r o c o d y l u s i n i e r m e d i u s E U 0 3 4 5 8 0.216 0.203 0,203 0.233 o.2?o 0.1% 0.203 0,196 0.196 0.20? 0.1% o.i96 0.196 o.i96 0.196 o . m 
4 2 C r o c o d y l u s n i l o t i c u s A J 8 1 0 4 5 2 0.711 0.867 0 867 0623 0.606 0.657 o.se? 0.657 0.657 0.867 0.657 0,657 0.657 0.657 0.657 0.657 
4 3 C r o c o d y l u s n i l o t i c u s N C 0 0 8 1 4 2 0.711 o.se? os67 0.623 0.606 0.657 0.867 0.657 0.657 o m 7 0.657 0.657 0.657 0.657 0.657 0.657 
4 4 C r o c o d v l u s m o r e l e t i i E U 0 3 4 5 8 4 0.210 0.203 0.203 0.210 0.203 0.213 0,203 0.213 0.213 0.20? 0.213 0.213 0.213 0.213 0.213 0.213 
4 5 C r o c o d v l u s m o r e l e t i i E U 0 3 4 5 8 5 0.210 0.203 0203 0.210 o.:o3 0.213 0.203 0.213 0.213 0.20? 0.213 0.213 0,21 > 0.213 0.213 0.213 
4 6 C r o c o d v l u s p o r o s u s A J 8 1 0 4 5 3 0.725 0,908 0908 o . « o 0,606 0.657 0.908 0.657 0.657 0.908 0.657 0.657 0.657 0.657 0.657 0.657 
4 7 C r o c o d y l u s p o r o s u s N C 0 0 8 1 4 3 0.725 0.908 0.908 0,630 o.eoe 0.657 0.908 0.657 0.657 0.908 0.657 0.657 0.(557 0.657 0.657 0.657 
4 8 C r o c o d y l u s r h o m b i f e r A Y 2 3 9 1 5 9 0.220 0.213 0 2 0 0.233 o.2?o 0.196 0.213 0,196 0196 0.21.5 0.196 o i96 0 1 % 0.196 0,196 0.196 
4 9 C r o c o d v l u s s i a m e n s i s E F 5 8 1 8 5 9 0.745 0.996 0.9% 0,640 0.6I6 0.657 0 .9% 0.657 0.657 o m 0.657 0.657 0.657 0.657 0.657 0.657 
5 0 P y t h o n m o l u r u s A Y 0 9 9 9 8 3 o.6?o 0.644 0.044 0.884 0.884 0,701 0,644 0.701 0.701 0.644 0.701 0.701 0.701 0.701 0.701 0.701 
5 1 P y t h o n m o l u r u s U 6 9 8 5 3 0.6?0 O.e+t 0.644 0,8S4 0.884 0.701 0.644 0.701 0,701 0.644 0.701 0.701 0.701 0.701 0.701 0.701 
5 2 P y t h o n r e g i i i s A B l 7 7 8 7 8 o.tiio o.6j3 O.6D 0,874 0.867 o.ew 0.61? 0.694 0.694 0.613 0.694 0.694 0.694 0.694 0.694 0.694 
5 3 P y t h o n r e g i i i s A F 3 3 7 1 1 6 0.610 0.613 0.613 0.874 0.867 0.694 0.613 0.694 0.694 0.61? 0.694 0.694 0.694 0.694 0.694 0.694 
5 4 P y t h o n r e t i c u l a t u s A Y 0 1 4 8 9 6 0 640 O.MO om 0.9% o.89i 0.711 O.MO 0.711 0.711 O.MO 0.711 0.711 0.711 0.711 0.711 0.711 
5 5 P y t l i o u r e t i c u l a t u s U 6 9 8 6 0 0 . 6 4 4 0 . 6 4 4 0 6 4 4 1 . 0 0 0 0 . 8 9 4 o.m 0 . 6 4 4 0 . 7 0 s 0 7 0 s o.ma o.m om o.m 0 . 7 0 s 0 . 7 0 8 0 . 7 0 8 
5 6 P y t h o n s e b a e U 6 9 8 6 3 o.6?3 0.613 0.613 0.877 0.854 0.677 0.61? 0.677 o.c?? o,6i3 0.677 0.677 0.677 0.677 0.677 0.677 
5 7 P y t h o n t i m o r i e n s i s A F 2 4 1 3 9 8 0.644 0.637 0 6?7 0.915 0.861 0.677 0.637 0.677 0677 0.637 0.677 0,677 0.677 0.677 0.677 o.en 
5 8 P v t l i o u t i m o r i e n s i s U 6 9 8 6 4 0.644 06?7 0.6.^ 7 0915 0.861 0.677 0.637 0.677 0.577 0,637 0.677 0.677 0.677 0.677 0.677 0.677 
5 9 V a r a n u s b e n g a l e n s i s E U 1 4 5 7 3 4 0 . 6 6 4 0 . 6 7 1 c.67i 0 , 7 0 1 o.69i 0 . 8 3 7 o.67i 0 . 8 3 7 0 . 8 3 7 o.67i 0 . 8 3 7 0 . 8 3 7 o,s37 o.s37 o.s37 o.8?7 
6 0 V a r a n u s b e n g a l e n s i s E U 1 4 5 7 3 5 0.664 0.674 0.674 0,701 0.094 o.84o 0.674 0.840 o,s4o 0.674 0.840 o.84o o.s4o o.S4o 0.840 o.84o 
61 V a r a n u s k o m o d o e n s i s A B 0 8 0 2 7 6 0.654 o.67i o.67i o.(!S4 0.688 0.844 o.67i 0.844 o . m o.67i 0.844 0.844 o.S44 o.S44 0.844 0.844 
6 2 V a r a n u s n i l o t i c u s A B l 8 5 3 2 7 0.647 0.650 o.65o 0.722 0.705 0.800 o.65o 0.800 o.soo o.eso o.soo o.soo o.soo o.soo 0.800 0,800 
6 3 V a r a n u s s a l v a t o r E U 1 4 5 7 3 7 o.tiM 0 . 6 5 4 0 . 6 5 4 0 . 7 0 8 0 . 6 8 1 1 . 0 0 0 o,654 1 . 0 0 0 1.000 0 . 6 5 4 1.000 1.000 1.000 1.000 1.000 1.000 
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18 cmb57 o.654 ！ 
19 cmb58 i.ooo o.eM 
20 cmb59 i.ooo 0.654 i.ooo 
21 c m c 7 1 a 0 . 6 5 4 i.ooo 0 . 6 5 4 0 . 6 5 4 / 
22 cmc71b 0 .708 OMA O.7OS 0.70s 0.644 
2 3 c m d 8 1 0 . 6 5 4 1.000 0 , 6 5 4 0 . 6 54 1.000 0.644 , 
2 4 c m d 8 2 1.000 o.654 1.000 1,000 o.co4 0.70s 0.654 
25 cmd83 1.000 0.654 j.ooo 1.000 0654 ojos 0.654 1.000 
26 CCOl 0 667 0.749 0.667 0 667 0.749 0.661 0 749 0.667 0.667 ！ 
2 7 C P O l 0.661 0.898 0.661 0.661 0.S98 0.627 0 898 0.661 0 661 0.7.'8 / 
28 CSOl 0.654 1.000 0.654 0.654 1.000 0.644 1.000 0.654 0.654 0.749 0 898 
29 VBOl 0.806 0.650 0.806 0.806 0.650 0.671 0.650 0.806 0.806 0.637 0.620 0.650 / 
30 VSOl 1.000 0.654 1.000 1.000 0.65-1 0.708 0.654 1.000 1.000 0.667 0.661 0.654 0.806 / 
31 Alligator mississippieusis NC 001922 0.664 0,745 0.664 0.664 0.745 0.644 0.745 0.664 0.664 0.S30 0,725 0.745 0.627 0.664 
32 Alligator inississippiensis Y13113 0.664 0.745 0.664 0.664 0.745 0.644 0.745 0.664 0.664 o.s3o 0.725 0.745 0.627 0.664 1.000 / 
33 Alligator sinensis AF511507 0.650 0 7:s o.eso o.coo 0.725 0.620 0.725 0.650 o.65o 0.S23 0.725 0.725 0.600 o.65o o . m o . m 
34 Alligator sinensis NC 004448 0.650 0.725 0.650 0650 0725 0.620 0,725 o.65o o.65o 0.S23 0725 0.725 0600 o.65o o.85o o.85o 
35 Caiman crocodilus AJ404872 0.661 0.745 0.661 0661 0.745 o.65o 0745 o(,6i 0.661 o m n m 0.745 0.661 0.827 0.827 
36 Caiman crocodilus NC 002744 0.66I 0.745 o u i oeei 0.745 0.650 0745 0.661 0偏 o.989 0732 0.745 063? 0.661 0.827 0.827 
37 Crocodylus acuUis AF159029 0.216 0.210 o , : i6 0.216 0.210 0.203 0.210 0.216 0.216 0.1% 0,200 0.210 0.214 0.216 0,216 0.216 
Crocodylus acutus EU034582 0.216 0.210 0.216 o. : i6 0.210 0.203 0.210 0.216 0.216 o.m 0.200 0.210 0.214 0.216 0.216 0.216 
Crocodvlus catapliractus AY2391 0,206 0.220 0.206 0.206 0.220 0.247 0.220 0.206 0.206 0.230 0.216 0.220 0.238 0.206 0.223 0.223 
40 Crocodylus mtemiedius AY23916 o.i96 0,203 0.196 0.1% 0.203 0.233 0.203 o.i96 0.1% 0,223 0210 0.203 o.2?8 0.196 0.216 0.216 
41 Crocodyhis intermedius EU03458 0.1% 0 . 20 . 1 0.1% 01% 0.203 0.235 0203 0196 0.1% 0.223 0.210 0.203 o.:?8 0.1% o.:i6 0.2if. 
42 Crocodylus niloticus AJ810452 0.657 0.867 0.657 0657 o.!i67 0.623 os67 0.657 0.657 0.708 0.86? 0.867 0.603 0.657 0.711 0.711 
43 Crocodylus niloticus NC 008142 0.657 o.se? 0.657 0.657 o.s67 0.623 o u i 0.657 0.657 0.708 0 867 0.867 0,603 0.657 0.711 0,711 
44 Crocodvlus moreletii EU034584 0.213 0.203 0.213 0213 0203 0.210 0203 0.213 0:13 o.:oo 0 1 % 0,203 0.217 0.21? 0.210 0.210 
45 Crocodylus moreletii EU034585 0.213 0.203 0.213 0.213 0.203 0.210 0.203 0.213 0.213 0.200 0,196 0.20? 0.217 0,21? 0.210 0,210 
4 6 C r o c o d y l u s p o r o s u s A J 8 1 0 4 5 3 0.657 0.908 o.6S7 0.657 0.908 o.6?o 0.908 0.657 0.657 0.732 0.972 0.90s 0.627 0.657 0,725 0.725 
47 Crocodylus porosus NC 008143 0.657 0.908 0.657 0.657 0.908 o.65o 0.90s 0.657 0.657 0.732 0.972 0.90S 0.627 0.657 0.725 0.725 
Crocodylus liiombifer AY239159 0.196 0.213 0.196 0.196 0.213 0.233 0.213 o.i96 o.i96 0.227 0.220 0.213 0.23« o.i% 0.220 0.220 
49 Crocodylus siamensis EF581859 0.657 09% 0.657 0.657 0.9% 0.640 09% 0.657 0.657 0.745 0.901 0.9% 0.647 0.657 0.745 0.745 
50 Python molurus AY099983 0.701 0.644 0.701 0.701 0 644 0.884 0 644 0.701 0.701 0.644 0.627 0.644 0667 0.701 0.6?0 0.630 
51 P y t h o n m o l u r u s U 6 9 8 5 3 0.701 0.644 0.701 0.701 o.eu o.m 0.644 0.701 0.701 o.m 0.627 0.644 0.667 0.701 0.630 o.63o 
5 2 P y t h o n r e g i u s A B 1 7 7 8 7 8 0.694 O.6I3 0.694 0.6W O.6I3 0.874 O6I3 0 694 0.694 0.616 O.6I3 0 , ) l? 0.644 0.694 0.610 0.610 
53 Python regius AF337116 0.694 0.613 0.694 o m 0.613 0.874 0613 0.694 0.694 0.6I6 0.613 o m o.644 0.694 0.610 0.610 
54 Pvthon reticulatus AY014896 0.711 0.640 0.711 0.711 O.MO 0.996 O.MO 0.711 0.711 0.057 0.623 O.MO OM? 0,711 OMO O.MO 
55 Pvthoii reticulatus IJ69860 0.708 0.644 0.708 0.708 0.644 1.000 0.644 0.70s 0.708 0.661 0,627 0.644 o.67i 0.70s 0,644 0.644 
56 Python sebae U69863 0.677 0.613 0,677 0.677 0613 0.877 0.61? 0.677 0.677 o.eso o.583 0.613 0.677 0.677 0.633 0.633 
57 Python timoriensis AF241398 0 . 6 7 7 0 . 6 3 7 0 . 6 7 7 0 . 6 7 7 0 6 3 7 0 . 9 1 5 0 . 6 3 7 0 6 7 7 0.677 0 6 4 7 0 6 I 6 0.037 O M J U.677 O M 4 O 6 4 4 
58 Python timoriensis U69864 0.677 0.637 0.677 0.677 ow? 0.915 0637 0.677 0.677 0.647 06I6 0.637 0.667 0.677 0.644 0.644 
59 Varanus bengaleusis EU145734 0.837 o.67i 0.837 0,837 o.67i 0.701 067i O W? O.S37 O.67i O.M7 O.67I 0.955 o.S?7 o.664 o.m 
60 Varanus bengalensls EU145 7 3 5 0.840 0.674 0.840 0 S40 0.674 0.701 0 674 0.840 0.840 0.671 0.650 0.674 0.959 O.MO 0.664 0.664 
61 Varanus komodoensis AB080276 O.S-W 0,671 0.844 O.S44 0.67l 0.6S4 0 671 0.844 0.844 0.65-1 O627 0.671 0.820 0.844 0.654 0,654 
62 Varanus niloticus AB 185327 o.soo o.65o 0800 0800 0650 0.722 o.65o 0.800 o.goo ow? oeie 0.650 o,gi6 o.soo 0.647 OM? 
Varanus salvator EU145737 1.000 0.654 i.ooo 1.000 0.6^ 4 0.708 Q.654 1.000 1.000 0.667 o.sei 0.654 0.806 1.000 0.664 0.664 
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31 Alii即tor mississippiensis NC 001922 
32 Alligator mississippieusis Y13113 
33 Alligator sinensis AF511507 / 
34 Alligator sinensis NC 004448 i.ooo / 
35 Caiman crocodilus AJ404872 0.820 0.820 
36 Caiman crocodilus NC 002744 0.820 0.820 1.000 
37 Crocodylus acutus AF159029 0.223 0.225 0.1% 01% 
38 Crocodylus acutus EU034582 0.223 0.223 0.1% 0196 1.000 
39 Crocodylus cataphractus AY2391 0.230 0.230 0.233 0.233 0.295 0.295 . 
40 Crocodylus intermedins AY23916 0,223 0.223 0,227 0.227 0.287 0.287 0.874 
41 Crocodylus intermedius EU03458 0.223 0.223 0.227 0.227 o.2S7 o.:s7 0.874 1.000 .丨 
42 Crocodylus niloticus AJ810452 0.728 0.728 0.708 0.708 o.�％ o.i96 0.206 o.m 0.196 / 
43 Crocodylus niloticus NC 008142 0.728 0.728 0.708 0 708 0.196 0.196 0.206 0196 0.196 1.000 
44 Crocodylus moreletii EU034584 0.223 0.223 0.200 0.200 o.%6 o m 0.287 0.287 0.287 0.189 0.189 
45 Crocodylus moreletii EU034585 0.223 0.223 0.200 0.200 o.%6 0.966 0.287 0.287 0,287 0.189 0,189 1.000 
46 Crocodylus porosus AJ810453 0.725 0.725 0.728 0.728 0.200 0.200 0.216 0.206 0.206 0.877 0.877 0.193 0,193 / 
47 Crocodylus porosus NC 008143 0.725 0.725 0.728 0.728 0.200 0.200 0.216 0.206 0.206 0.877 0,877 01.93 0193 1000 
48 Crocodylus rhombifer AY239159 0.227 0227 o.2?o o.r’o 0.279 0.279 o.85s 0 940 0940 0.200 0.200 0.291 0291 0.216 0216 
Crocodylus siamensis EF58I859 0.725 0.725 0.745 0.745 0.210 0.210 0.220 0.203 0.203 o.s7i o.87i 0.203 0203 0911 0911 0”3 
p t jKm molunis AY099983 0.620 0.620 o«7 o.«7 0193 0.193 0.227 0.215 0.215 0.627 0.627 0.200 0200 06” o(P7 o^n 
1 1 � ‘ t p o n molurus U 6 9 8 5 3 0.620 c.620 o.«7 0,637 0193 o.iw 0.227 0.213 0.213 0.627 0.627 0.200 0,200 0.627 0.627 0.213 
P f o n regius A B 177878 0.593 0.593 o.eio 0.610 0200 0.200 0.237 0.223 0.223 0.606 o.m 0.206 0206 0.620 0.620 0.2:3 
53 Python regius A F 3 3 7 1 1 6 0.593 0.593 0.610 0.610 0.200 0.200 0.237 0.223 0.223 0.606 0.606 0.206 0.206 0.620 0.620 0223 
54 Python reticulatus AYO14896 o.6\6 0.616 0.647 omi 0200 0.200 0.250 0.237 0.237 0627 0.627 0.206 0206 0,627 0.627 02^ .7 
55 Python reticulatus U69860 0,620 0.620 0,650 0.650 0.203 0.203 0.247 0.233 0.233 0.623 0.623 0.210 0,210 o.6?o o.6?o 0.233 
56 Python sebae U69863 0.610 o.eio o.(5;o o.63o 0,203 0.203 0.247 0,240 0.240 0.593 0.593 0.210 0210 0.596 0.5% 0.240 
57 Python timorieiisis AF241398 0.610 0.610 0.644 O.M4 0.200 0.200 0.240 0.227 0.227 o,6i6 0.6I6 o.:o6 0.206 0.623 0.023 0.227 
58 Python timorieiisis U69864 o.eio o.eio 0 644 0 644 0.200 0.200 0.240 0.227 0.227 o.eie 0.6I6 0.206 0.206 0.62? 0.62^ o i v 
59 Varanus bengalensis EU145734 0.637 0.637 0.671 0 67i 0.21.^  0.213 0.237 0.237 o.iyi o.«o o.6?o 0.216 0216 0.654 o.654 0237 
6 0 Varanus ben^alensis EU 145735 o.63? 0.633 o.67i o.67i 0,213 0.213 0.237 0.237 o.2?7 0.633 o.6?3 0.216 0.216 0.657 0.657 0237 
61 Varanus komodoensis AB080276 o.65o 0.650 0.654 0654 0216 0.216 0.233 0233 o.m O.6M 0.654 0.220 0.2:0 0 � 0 644 0.21; 
6 2 Varanus niloticus AB 1 8 5 3 2 7 0.633 0.633 O.MO O.64O 0.247 0.247 o.2?O 0.233 o.2?3 0.650 0.650 0.244 0.244 0.620 0.620 0.227 
63 Varanus salvator EUl45737 o.6so 0.650 0.661 0661 0.216 0.216 0.206 0196 0.196 0.657 0.657 0.213 0.213 0657 0.657 0.196 
2 5 2 
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31 Alligator mississippiensis NC 001922 
32 Allii^ator mississippiensis Y13113 
33 Alligator sinensis AF511507 
34 Alligator sinensis NC 004448 
35 Caiman crocodilus AJ404872 
36 Caiman crocodilus NC 002744 
37 Crocodvlus acutus AF 159029 
38 Crocodvlus acutus EU034582 
39 Crocodvlus cataphractus AY2391 
40 Crocodylus intennedius AY23916 
41 Crocodylus intennedius EU03458 
42 Crocodvlus niloticus AJ810452 
43 Crocodvlus niloticus NC 008142 
44 Crocodvlus raoreletii EU034584 
45 Crocodvlus moreletii EU034585 
46 Crocodylus porosus AJ810453 
47 Crocodylus porosus NC 008143 
48 Crocodvlus rhombifer AY239159 
49 Crocodylus siamensis EF581859 
50 Python molmus AY099983 0 647 / 
51 Python molurus U69 8 5 3 0.647 i.ooo 
52 Python regius ABl 77878 o.eie 0.877 0.877 : 
53 Python regius AF337116 0.6I6 0.877 0.877 1.000 
54 Python reticulatus AY014896 o.6?7 0.881 0.881 0.877 0.877 
55 Python reticulatus U69860 o.64o o.884 o.884 o.874 o.874 0.996 : 
56 Python sebae U69863 0.613 0.861 0.861 0.847 o.847 0.874 0.877 / 
57 Python timorieusis AF241398 0.633 0.861 0.861 o.sie o.sie 0,911 0.915 0.857 , 
58 Python timorieusis U69864 0.633 0.861 0.861 o.sie o.si6 0.911 0.915 oss? 1.000 
59 Varanus bengalensis E U 1 4 5 7 3 4 0.674 oess o.6S8 0.664 0 664 0.698 0.701 0.701 0.694 0.694 
60 Varanus bengalensis EU 145735 0.677 o,69i 0.691 0.667 0.667 0.698 0.701 0.705 0,694 0.694 0.996 / 
61 Varanus komodoensis AB080276 0.674 o.67i o.67i 0.657 0.657 o.esi 0.684 0.688 0.688 0.688 0.854 o,s57 
62 Varauus niloticus ABl85327 0.647 0.684 0.684 0.677 0.677 0.725 0.722 o.69i 0.701 0.701 0.847 0.850 0.S23 
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5 ‘ 5 
-1 ! - I 
i i i 
i丨丨 
: i i 
• I 
N 
.t • ••] 
C U H K L i b r a r i e s 
004561 449 Ml 
